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STUDIES BOVINE MASTITIS. 


INFECTIONS. 


(From the Department Animal Pathology The Rockefeller Institute for Medical 
Research, Princeton, J.) 


(Received for publication, May 28, 1918.) 


INTRODUCTION. 


Epidemics milk-borne tonsillitis have aroused considerable in- 
terest the study bovine streptococci, especially those responsible 
for disorders the mammary gland. Ina number instances strep- 
tococci isolated directly from the udders cows have been identical 
with those found the throats patients suffering 
The question having arisen the source these organisms, the 
general tendency consider them human streptococci which have 
gained access the udder the cow through the milk duct. this 
true, they are able live and multiply within the udder for cer- 
tain period. There still exists uncertainty their power pro- 
duce clinical mastitis beyond alterations the character the milk 
secreted from the infected quarters. 


his descriptions streptococci obtained from the milk cows suf- 
fering from mastitis did not consider their behavior blood agar plates. The 
hemolytic activity certain streptococci isolated from inflamed udders, mixed 
herd milk, and market milk has been reported few authors. Smith and 
Brown? their studies certain milk-borne epidemics tonsillitis describe ten 
strains bovine hemolytic streptococci which they isolated from milk drawn 
directly from the studied number hemolytic streptococci ob- 


Savage, G., Rep. Med. Off. Local Gov. Bd. 1906-07, xxxvi, 253; Rep. Med. 
Off. Local Gov. Bd. 1907-08, xxxvii, 359, 425; Rep. Med. Off. Local Bd. 
1908-09, xxxviii, xxxiii. 

Smith, T., and Brown, H., Med. Research, xxxi, 455. 

Davis, J., Infect. Dis., 1916, xix, 236. 
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tained from market milk and single strain isolated from the milk 
ing with mastitis. 

aware detailed descriptions any considerable number hemolytic 
streptococci isolated from milk obtained directly from inflamed udders. 
previous certain number strains non-hemolytic streptococci ob- 
tained from cows suffering from mastitis were described. that time was shown 
that such organisms were responsible for inflammations the mammary gland 
many cases. When their action upon carbohydrates was considered they fell 
into two broad groups: those producing acid dextrose, lactose, saccharose, malt- 
ose, and salicin; and those producing acid dextrose, lactose, saccharose, and 
maltose, but failing change the reaction broth containing salicin. All 
failed act upon raffinose, inulin, and mannite. were agglutinated 
varying dilutions with antiserum produced the immunization cow with 
one strain. Although these streptococci were capable producing exceedingly 
severe udder infections cows, they were not pathogenic when injected into rab- 
pig fed milk containing enormous numbers streptococci remained 


the cases mastitis associated with streptococci, were 
associated with hemolytic streptococci, and with non-hemolytic 
streptococci. two instances both types were present. the ma- 
terial disposal the non-hemolytic infections predominated, but 
infections with the hemolytic types existed considerable number 
and all probability they are responsible for serious losses milk 
production. 


Study Spontaneous Cases. 


The following case records are more less typical this class 
infections. 


Cow 63.—Calved Dec. 1916. Developed mastitis Apr. 1917. 

Apr. The cow refused its food. Digestive disturbances and constipation 
were observed. The temperature was 103.6°F. The left fore quarter was en- 
larged, firm, hot, and tender. The milk was yellowish white color and thick- 
ened with many small viscid flocculi. sample obtained from the mixed milk 
the left and right fore quarters when plated blood agar revealed 640 hemolytic 
streptococci per cubic centimeter. The cells numbered 3,200,000 per cubic 
centimeter. 


Jones, Exp. Med., 1918, xxviii, 149. 
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Apr. 10. 
Left fore quarter: 
The quarter was more flaccid and less tender manipulation. The 
appearance the milk had not changed appreciably. 
Cells per cubic centimeter. 
Organisms 76,000 pure culture streptococci. 
The surface colonies were round, slightly raised, and translucent. 
They measured mm. diameter. The deep colonies were 
ovoid. They were surrounded zone complete hemolysis 
mm. diameter. 
Right fore quarter: 
Cells 325,000 per cubic centimeter. 
Left hind quarter: 
Cells 295,000 per cubic centimeter. 
Right hind quarter: 
Cells 115,000 per cubic centimeter. 
Apr. 12. 
Left fore quarter: 
Cells 6,300,000 per cubic centimeter. 
mained sterile after incubation. 
The quarter appeared normal. The milk still contained flocculi. 
Left hind quarter: 
per cubic centimeter. 


Organisms 4,400 pure culture hemolytic strep- 
tococci identical with those obtained from the left fore quarter 
Apr. 10. 


The quarter appeared normal. few very small white flakes were ob- 
served the milk. 
Right fore quarter: 
Cells 170,000 per cubic centimeter. 
Organisms plate culture containing 0.5 cc. 
milk remained sterile after incubation. 
Right hind quarter: 
Cells 115,000 per cubic centimeter. 


This cow was under observation for months. The left fore quarter improved 
rapidly although the milk secretion never reached normal. Flocculi completely 
disappeared from the milk. Hemolytic streptococci were never found the 
milk after Apr. Apr. 20, milk were drawn from the quarter with 
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sterile milk tube directly into sterile bottle. milk was incubated for 
hours 38°C. Tubes containing slant agar and bouillon were inoculated with 
the incubated milk. They remained sterile. After had been shown that the 
milk was sterile was inoculated with pure culture streptococci previously 
obtained from the quarter. They grew abundantly. The milk from the left 
hind quarter continued contain hemolytic streptococci pure culture for the 
months allotted this observation. Mastitis never developed this quarter. 

Cow 59.—Cow calved July 21, developed almost once. 

July left hind quarter was swollen, firm, and hot. The subcutaneous 
blood vessels were engorged. milk was yellowish white color and contained 
many flocculi. Examination the milk revealed 37,000,000 cells and 
6,000 hemolytic streptococci per cubic centimeter. The surface colonies blood 
agar plates measured mm. diameter. They were round, translucent, and 
slightly raised above the surface the medium. The deep colonies were biconvex 
and surrounded zone complete hemolysis 3.5 mm. diameter. 


July 26. 
Left hind quarter: 
per cubic centimeter. 
Organisms 800 hemolytic streptococci. 
The milk was normal except for few small flocculi. The inflammation 
the quarter had subsided. 


The cell counts samples milk from the other quarters were well within 
normal limits. Plate cultures did not reveal hemolytic streptococci. 


One frequently observes invasion one more quarters with 
hemolytic streptococci without evidences inflammation 
than slight increase the number cells and the appearance 
small flocculi the milk. The record Cow typical infections 
this type. This cow was under observation for months. 


Cow 67.—Sept. Many small flocculi appeared the milk the 
right fore quarter. 

sample was obtained Sept. which time the quarter appeared 
normal. Plates prepared from the milk revealed 2,000 hemolytic streptococci 
per cubic centimeter. The deep colonies were surrounded with clear zone 
hemolysis 2.5 mm. diameter. 


Sept. 12. 
Right fore quarter: 
The quarter appeared normal. The milk contained many 
Cells 12,600,000 per cubic centimeter. 
Organisms 4,800 pure culture hemolytic strep- 
tococci; deep colonies surrounded hemolytic zone 2.5 mm. 
diameter. 


| 
° 


JONES 257 


Left fore quarter: 
per cubic centimeter. 
Organisms 5,500 pure culture non-hemolytic 
streptococci. 
Right hind quarter: 
The milk contained few small flocculi. 
Cells per cubic centimeter. 
Organisms 16,000 pure culture hemolytic strep- 
tococci, surrounded zone hemolysis 1.25 mm. diameter. 
Left hind quarter: 
The milk was normal appearance. 
Cells 4,100,000 per cubic centimeter. 
Organisms 690 per cent colonies were hemo- 
lytic streptococci surrounded hemolytic zone mm. diameter. 


Severe mastitis developed the left fore quarter which had been invaded with 
non-hemolytic streptococci. The condition the other quarters remained un- 
changed. Flocculi appeared all samples milk sooner later and persisted 
throughout. The number streptococci showed tendency increase all 
quarters. 

This cow aborted early pregnancy and was slaughtered Jan. 25, 1918. 
The udder was obtained for histological study. Gross changes the usual char- 
acter were observed the left fore quarter which had been invaded with non- 
hemolytic streptococci. The other quarters appeared normal except for slight 
reddening the epithelium. 

Histological examination fixed and stained tissues from each quarter revealed 
strikingly different lesions. Many the acini the left fore quarter had become 
necrotic. other lobules the epithelium revealed severe degenerative changes. 
Great masses leukocytes frequently filled the lumen the acini and large milk 
ducts. There was addition considerable connective tissue proliferation. 

the other portions the udder where the hemolytic types had gained 
foothold the lesions were not severe. one two instances local degenera- 
tive changes had occurred the secreting portion the quarter. The epithelium 
two three acini few lobules had degenerated, and densely packed masses 
leukocytes occupied the lumen. the main the lesions were confined the 
larger lactiferous ducts. The lining epithelium was covered with thin, pink- 
staining, slightly granular exudate which few leukocytes, round cells, and red 
blood corpuscles had become enmeshed. The epithelium was granular appear- 
ance. The individual cells contained fat droplets. Desquamation had occurred. 
The subepithelial tissues contained many leukocytes. 

Cow cow presented more severe type infection. The first bac- 
teriological examination made Dec. 27, 1917 revealed 218,000 strepto- 
cocci per cubic centimeter milk. The left hind quarter was swollen, firm, hot, 
and painful. The condition became chronic and the animal was killed Feb. 12, 
1918, and the udder obtained for examination. 
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The left hind quarter was larger than the others and quite firm. section the 
epithelium was brownish pink color and dry and granular appearance. 
The lobules were clearly demarcated. The lining the milk ducts was reddened 
and inflamed. The milk cystern and ducts contained considerable greenish white 
purulent material. The blood vessels were congested throughout the quarter. The 
other quarters failed show gross changes. 

Examination sections prepared from pieces the left hind quarter fixed 
Zenker’s fluid and stained with methylene blue and eosin revealed severe lesions. 
many lobules the epithelium the acini had been entirely destroyed. All that 
remained the individual acini was the connective tissue framework surrounding 
few necrotic epithelial cells and dense masses degenerated leukocytes and fat 
cells. other lobules the lesions were not severe although the nuclei were 
pyknotic and leukocytes filled the lumen. Certain the were severely 
involved. The lining cells were necrotic. The passage had become completely 
occluded with leukocytes and fibrin. 


Hemolytic Streptococci Isolated from Inflamed Udders. 


The initial cultures were made from liberal samples milk drawn 
directly from the udder into sterile wide mouthed bottles. The di- 
luted milk was added cc. melted per cent veal bouillon agar 
and after mixing was poured into Petri dish containing cc. de- 
fibrinated horse blood. The dish was agitated quickly insure 
mixture the contents. Hemolytic readings were made from the 
deep colonies after incubation for hours. Although the number 
strains studied has been somewhat limited, felt that detailed de- 
scriptions relative their source, the extent disease produced, and 
the morphological and biological characters may value. All 
streptococci isolated directly from the udder have produced horse 
blood agar plate cultures definite clear zone hemolysis immedi- 
ately surrounding the colonies which Smith and Brown have de- 
scribed hemolysis the beta type. 

Table denotes the number thé streptococcus, the zone hemoly- 
sis, the number colonies developing from cc. freshly drawn 
milk, the appearance the secretion, and note the clinical condi- 
tion the involved quarter. 

the twenty-nine strains isolated, twenty produced more less 
pronounced changes the invaded quarters. nine instances the 
freshly drawn milk contained hemolytic streptococci often consid- 
erable numbers, although changes the udder could not detected. 
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Two cows while affected with mastitis certain quarters shed strep- 
tococci from other apparently normal quarters. 

Table denotes the morphological and biological characters the 
strains hemolytic streptococci isolated from milk drawn from the 
udder. Fermented veal bouillon containing per cent the various 
carbohydrates and other substances was used test the fermentative 
action each strain. The cultures were incubated days 38°C. 
The initial reaction the media varied between 0.6 and 0.8 per cent 
normal solution acid (phenolphthalein). Tubes 1.5 cm. 
diameter containing cc. media were always employed. Only the 
net production acid recorded the table. 

Two distinct types surface colonies have been noted blood 
agar plate cultures. most frequent appeared round, flattened, 
almost transparent colonies measuring from mm. diameter. 
The other type was smaller, raised, and translucent. Deep colonies 
were usually biconvex ovoid shape. 

Like the non-hemolytic streptococci, the hemolytic varied greatly 
the length chains produced. The individual elements were spherical 
slightly elongated; all stained Gram’s method. Some grew 
throughout the bouillon producing more less turbidity; others grew 
large flocculi the bottom the tube leaving the medium clear. 
All strains coagulated milk greater less degree. one instance 
the milk appeared unchanged after incubation for days. Boiling, 
however, produced prompt clotting. The hemolytic streptococci fall 
into the same broad groups the non-hemolytic strains, when their 
action upon the carbohydrates considered. All produced acidity 
dextrose, lactose, saccharose, and maltose. Nineteen strains fer- 
mented salicin; the other ten failed the non-salicin- 
fermenting types failed produce acidity saccharose. This cul- 
ture produced comparatively little acid dextrose, lactose, and malt- 
ose. ferment raffinose, inulin, and mannite. the 
main about the same amount acid production observed the 
sugars fermented each group. 

Smith and Brown’s streptococci from bovine sources possessed 
similar characters. their series the non-salicin-fermenting strains 
predominated. acid production their streptococci corresponds 
great measure with the results given Table IT. 
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The virulence the hemolytic strains for rabbits was tested the 
intravenous injection cc. hour bouillon culture. two 
rabbits localizations the joints occurred after injections Strepto- 
coccus C.63A. and Streptococcus M.B. Strains M.R., 
C.67B., and M.43 produced only slight febrile reactions extending 
over days. Other strains failed affect the general condition 
the animals. 

The hemolytic streptococci resemble the non-hemolytic types 
regard their fermentative action. They fall into the two broad 
groups previously mentioned, those attacking salicin and those unable 
so. Previously had been shown that the non-hemolytic 
streptococci isolated from mastitis, regardless their fermentative 
activity, would clump when mixed with agglutinin produced 
the immunization cow with single typical strain. This serum 
did not contain agglutinin for hemolytic bovine strains. was 
deemed advisable ascertain whether this held true with the hemo- 
lytic types. rabbit was immunized with cultures Streptococcus 
C.53. Its serum was used test the agglutinability the hemolytic 
streptococci. Blood serum obtained prior the first injection 
the culture failed contain agglutinin for three typical strains 
streptococci. 

per cent salt solution suspensions hour horse serum agar 
cultures were shaken for minutes mechanical shaker and di- 
luted with salt solution uniform density. each cubic centi- 
meter suspension various amounts antiserum were added. 
Readings were made after incubation for hours 38°C. con- 
trol tube was always incubated. 

Table III indicates the agglutination titer the streptococci iso- 
lated from the udder when tested with the serum rabbit immunized 
with single strain. 

Twenty-six the strains were agglutinated the 
antiserum produced the immunization rabbit with single 
typical strain. Streptococci C.65B., C.67C., and M.C. failed ag- 
glutinate dilutions although the first two possessed prac- 
tically all characters common with the type used immunization. 
Streptococcus M.C. differed considerably from the others its low 
acid production dextrose, lactose, and maltose and its failure 
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TABLE III. 


Titer Streptococci Tested with Serum Produced the Immunization 
Rabbit with Single Strain. 


Dilutions. 

Strain No. 

1: 100 1: 200 1: 500 1: 1,000 1: 2,000 
+++ +++ +++ 
M.89 +++ +++ +++ 


indicates complete agglutination, strong agglutination with- 
out entire clearing the fluid, moderate clumping, and agglutination. 


ferment saccharose. interesting note that the non-salicin- 
fermenting strains agglutinated nearly well the others. Three 
cultures hemolytic streptococci human origin failed agglutinate 
serum dilutions 100. 
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DISCUSSION. 


While invasion the udder with hemolytic streptococci has not 
been observed frequently infections with non-hemolytic types, 
nevertheless serious losses occur from these infections. the nine- 
teen cows under observation for extended period, eight have been 
disposed because the severity the involvement. seven 
others the condition has become chronic. The other four have 
recovered. 

The udder may become invaded any time during the lactation 
period. Five cows developed mastitis shortly after calving. 

The difficulty tracing infections was pointed out previously 
the investigations the non-hemolytic types. Doubtless the prin- 
cipal method entrance through the teat canal. Injuries play 
only minor part predisposing factor. instance has 
been possible associate injury with this type disease. 

One point stands out clearly, however, and that that animals suf- 
fering from mastitis one quarter associated with hemolytic strepto- 
cocci frequently shed identical streptococci the milk from other 
quarters. Often the organisms are pure culture make the 
bulk the flora that quarter. These invasions rarely produce 
gross changes the gland and frequently fail change the character 
the milk. Cows affected this way are considerable danger 
other animals the herd. The milker usually warned the infec- 
tious nature the secretions the diseased quarter, but may 
careless handling milk from the apparently normal quarters. This 
may explain one ready source infection. 

The development mastitis five cows shortly after calving sug- 
gestive infection with streptococci from the genital 
quently one observes more less discharge from the vulva cows 
following parturition. four these cases mastitis developed the 
right hind quarter; the fifth both hind quarters became involved. 
The genital secretions after calving may readily run over the hind 
teats, and contained organisms this manner may gain access the 
teat duct. 

The pathogenicity hemolytic streptococci obtained from cases 
mastitis species other than bovines undetermined. The rela- 
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tively low virulence freshly isolated cultures injected into rabbits 
may considerable significance. Raw milk from large dairies 
must contain considerable number these organisms. Usually 
only the milk from clinically affected quarters discarded, but the 
secretion from the other quarters not visibly involved which often 
contains large numbers streptococci enters the milk supply. 
any considerable number these organisms were pathogenic for con- 
sumers milk, septic sore throat would occur with considerable fre- 
quency; nevertheless, milk containing few flocculi and hemolytic 
streptococci obtained from cows which fail show gross lesions must 
looked upon with suspicion until more known the source and 
nature the virus. 


SUMMARY. 


Hemolytic streptococci produce more less severe inflammations 
the udders cows. Frequently infected quarters are swollen, 
firm, hot, and tender. number instances has not been 
possible detect gross changes the mammary gland. 

The streptococci isolated from the invaded quarters have produced 
clear zones hemolysis immediately surrounding the colonies when 
cultivated horse blood agar plate cultures. The hemolytic zone has 
varied from clear, narrow band zones 1.7 mm. wide. 

When the streptococci are classified according their action upon 
carbohydrates, they fall into two broad groups: the larger consists 
nineteen strains fermenting dextrose, lactose, saccharose, maltose, and 
salicin; and smaller number comprising ten species produces acid 
dextrose, lactose, saccharose, and maltose and fails ferment 
salicin. One the non-salicin-fermenting strains did not attack 
saccharose. instance was acid production noted 
inulin, mannite. 

All streptococci except three were agglutinated antiserum 
obtained from rabbit immunized with single strain. 

Freshly isolated cultures when injected intravenously into rabbits 
possess but slight pathogenicity. the joints occurred 
two instances. The others either failed affect the general con- 
dition the animals produced only slight febrile reaction. 
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THE ETIOLOGY EPIDEMIC POLIOMYELITIS. 


EDGAR TSEN, M.D. 


(From the Department Bacteriology the College Physicians and Surgeons 
Columbia University, New York.) 


(Received for publication, April 16, 1918.) 


Since 1840, when Heine (1) first definitely separated epidemic poliomyelitis, 
or, first named it, spinal infantile paralysis, from other more less similar 
cerebrospinal origin, many theories have been advanced explain 
the nature the cause the disease. Colmer (2) attributed small epidemic 
West Feliciana, Louisiana, 1841 teething. few years later Kennedy (3) 
drew similar conclusion. Even Heine held the view that difficult dentition was 
the root the trouble. More recently other theories have been advanced, 
such vertebral subluxation (4), glandular inefficiency (5), and still others (6). 
1871, Roger and Damaschino (7) concluded, from the three autopsies which 
they studied, that the primary lesion the cord was vascular and the process 
inflammatory softening, the nature myelitis. Schultze (8) 1876 studied 
the spinal cord from case which died the age 23, years after the actual 
attack, and found changes the lateral tracts and Clarke’s columns addition 
the usual lesions, and regarded the process inflammatory type. Wickman 
(9) has recently drawn the same conclusion after histological study many 
cases. 1884, Striimpell (10) suggested that the symptoms epidemic polio- 
myelitis were those infection independent nature, and this theory was 
later experimentally shown correct Landsteiner and Popper (11), Flexner 
and Lewis (12), and others. However, the infective agent still undetermined; 
the one hand, many investigators, such Leiner and von Wiesner, Landsteiner 
and Levaditi, and others, have failed find microorganisms which they 
could regard the cause the disease either the spinal fluids autopsy mate- 
rials from cases epidemic poliomyelitis; while, the other hand, etiological 
relation the disease has been claimed number experimenters several 
different types microorganisms, such bacilli (13, 14), cocci (15-21), spiro- 
chetes (22), rhizopods (23), hemoprotozoa (24), intranuclear bodies (25), globoid 
bodies (26), and many others (27). Among all these, cocci and globoid bodies 
have come into more serious consideration. The present paper report the 
results obtained investigation the etiology poliomyelitis, together with 
discussion the findings obtained others. 


269 


a 


270 ETIOLOGY EPIDEMIC POLIOMYELITIS 


Technique Cultivation. 


The inoculated animals were, when possible, etherized just before death. 
With animals that died during the night this part the procedure could not, 
course, carried out. Our purpose was make sure, far possible, that 
any organisms cultivated from the brains were not postmortem invaders, but 
were present during the life the animal. median incision was made through 
the skin over the skull, running from the tip the nosé the back the neck, 
and the skin dissected back both sides the head. The skull was disinfected 
with tincture iodine, and the head and body were covered with three layers 
gauze soaked lysol. small hole was made the gauze expose the 
upper part the skull. The skull was next opened, and, further insure ster- 
ility, the surface the brain was seared with scalpel. large piece, sometimes 
one-half the brain, was removed with pair long forceps and then immedi- 
ately put into Rosenow sterile air chamber (28) (sterilized the hot air steri- 
lizer for hour 160°C.) where was emulsified. The emulsion was poured into 
large tube from which six test-tubes each the different media were inoculated 
with pipettes. The tubes, all which were incubated aerobically 37.5°C., were 
examined after days and, they were found sterile, were again examined 

The media used for this set cultures were plain broth, ascitic broth, glucose 
broth, ascitic glucose broth, plain tissue broth, ascitic tissue broth, glucose tissue 
broth, ascitic glucose tissue broth, glucose agar, and ascitic glucose agar. The 
amount glucose the broth was 0.2 per cent and that the agar per cent. 
The reaction all the media was 0.6 0.8 per cent acid. 

part the tubes inoculated each case was prepared methods simulating 
exactly possible those employed Rosenow (16). 

For anaerobic cultivation have used chiefly the methods Noguchi (26). 
their original paper Flexner and Noguchi (26) advise the use fresh kidney 
the normal rabbit, while Heist, Solis-Cohen, and Kolmer (29) state that the 
rabbit kidney which had been kept for several weeks before the ascitic fluid was 
added gave better results. have used both the fresh and kept kidneys and 
inoculated each time from forty seventy tubes with both fresh and glyc- 
erolated brain tissue from poliomyelitic cases. Because the ready contamin- 
ation removal, only glycerolated spinal cords have been cultured. All the 
tubes were incubated for from days 37.5°C. jars made anaerobic 
combination air exhaustion, oxygen absorption, and hydrogen displace- 
ment. have also employed the anaerobic methods devised Sellards (30) 
and Smillie (31); the former depending upon the absorption oxygen 
phosphorus, and the latter upon the catalytic action platinized asbestos 
upon hydrogen and oxygen. may stated here that whichever these 
methods was used the results obtained were the same. 
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Experiments Monkeys. 


Since 1909, when Landsteiner and Popper (11), Flexner aud Lewis 
(12), and others first succeeded transmitting poliomyelitis 
monkeys, these animals have been generally used all investigators 
their search for the causative agent the disease. the culture 
work employed eight rhesus monkeys and, this number, seven 
were injected with glycerolated poliomyelitic virus alone—five intra- 
cerebrally, one subcutaneously, and one both intracerebrally and 
intraperitoneally. The eighth monkey was given two intracerebral 
injections; the first streptococci, and the second glycerolated polio- 
myelitic virus. Both aerobic and anaerobic cultures the brain and 
cord emulsions used for the inoculations were made the time 
injection ascitic glucose agar slants. growth occurred any 
the tubes. When they showed signs illness poliomyelitis, 
the monkeys were etherized from days after injections; some 
succumbed the disease. Five the eight monkeys showed histo- 
logical changes poliomyelitis and three did not; nevertheless strepto- 
cocci were isolated from the brains all. Because the easy con- 
tamination the spinal cord, all the cultures were made from the 
brains. The following protocols show the isolation streptococci 
from monkeys. 


Monkey 1.—Aug. 29, 1916. Injected intracerebrally with glycerolated pol- 
iomyelitic virus obtained from The Rockefeller Institute. Flaccid 
paralysis all limbs. Sept. Paralysis remained; 
Cultures the brain yielded streptococci. 

Histological typical acute anterior poliomyelitis. 

Monkey 2.—Nov. 1916. Injected intracerebrally with Rockefeller Institute 
virus. Nov. Right hind leg was paralyzed. Nov. Complete paralysis; 
moribund; etherized. Cultures the brain yielded streptococci. 

Histological Examination.—Changes typical acute anterior poliomyelitis. 


Rosenow (15, 16) and others have reported the transmission 
poliomyelitis monkeys, rabbits, and guinea pigs the injection 
streptococci isolated from human cases the disease, but have not 
been able corroborate their results. following two protocols 
illustrate our findings. 


The sections were kindly examined for Dr. Howe the Depart- 
ments Medicine and Neurology the College Physicians and Surgeons. 
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The first protocol illustrates the action streptococci rabbits 
and guinea pigs. 


Monkey 3.—Oct. 20, 1916. Injected intracerebrally with Rockefeller Institute 
virus. Nov. Found dead the morning. Cultures the brain yielded 
streptococci. 

Histological Examination.—Changes typical acute anterior poliomyelitis. 

Animal 12, 1916. Two rabbits and two guinea pigs were 
injected intravenously with hour culture the streptococci which were all 
respects similar those described Rabbit Guinea Pig were 
injected each with the growth from 22.5 cc. ascitic glucose broth suspended 
1.5 cc. sterile salt solution, Rabbit with that from cc., and Guinea Pig 
with that from cc. the same medium suspended and cc. sterile 
salt solution respectively. Both aerobic and anaerobic cultures the bacterial 
suspension were made ascitic glucose agar and blood agar slants the time 
injection. The streptococci were found alive and free from contamina- 
tion. Dec. Rabbit was again injected intravenously with hour 
culture streptococci from Monkey This time received the growth from 
cc. ascitic glucose broth suspended cc. sterile salt solution. None 
the four animals showed any signs illness the months during which they 
were kept under observation. 


The second protocol shows the result injection the streptococci 
into the monkey. 


Monkey 5.—Jan. 1917. Injected intracerebrally with cord emulsion from 
Monkey There was general muscular tremor, stiffening neck, and 
weakness limbs. The animal was etherized and cultures the brain were 
made. Streptococci were obtained. 

Histological Examination.—Changes typical acute anterior poliomyelitis. 

Animal 17, After subculturing number times, 
0.4 cc. ascitic fluid tissue culture containing the streptococci isolated from this 
monkey ‘was injected intracerebrally into Monkey The animal remained 
well from Feb. Apr. Apr. 10. Injected intracerebrally with 0.5 
poliomyelitic virus (Willard Parker virus). There was sign illness from 
Apr. to17. Apr. 18. Legs completely paralyzed; arms weak; etherized; and 
cultures the brain made. Streptococci were recovered. 

Histological Examination.—Changes typical acute anterior poliomyelitis. 


The above protocols show that streptococci, although they were the 
only organisms repeatedly found present the brains the experi- 


This culture was stated Dr. Rosenow, who saw our laboratory, 
similar his. 
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mental monkeys, not seem have any etiological relation 
poliomyelitis; they not only did not induce poliomyelitis rabbits, 
guinea pigs, and monkeys, but were also unable produce, the 
monkey, antibodies that neutralized the virus which was subse- 
quently injected. Furthermore, have isolated streptococci from 
monkeys which, although they had been injected with poliomyelitic 
virus, did not show changes this disease, and these animals served, 
therefore, our controls. 


Monkey 4.—Nov. 11, 1916. Injected intracerebrally with Willard Parker 
virus. Nov. 13. Partial paralysis right limbs. Nov. and 15. Condition 
remained the same. Nov. 16. Excitable the morning; looked sick; refused 
food. Condition was worse the afternoon. There was general muscular 
tremor. The animal was etherized and cultures the brain were made: strepto- 
cocci were found. 

Histological abscesses the brain and cord. 

Animal rabbit injected intravenously with the streptococci iso- 
lated from this monkey did not show any sign illness the months during 
which was kept under observation. 

Monkey 7.—This monkey, which withstood intracerebral injection the 
brain emulsion from Monkey did not show typical changes poliomyelitis after 
death following subsequent intraperitoneal injections. Dec. 18, 1916. Injected 
intracerebrally with the virus from Monkey Jan. 10. signs illness. 
From this date Feb. given five intraperitoneal injections the same material 
intervals days. Feb.11. Found dead. 

Histological certain parts the medulla, showed the 
changes acute poliomyelitis, other portions, the cerebellum, showed inflamma- 
tory changes which were more probably due other agents than the virus 
poliomyelitis. 

Monkey 16, 1917. Injected subcutaneously with poliomyelitic virus. 
Feb. Found dead. 

Histological cloudy swelling the ganglion cells the 
cord unknown origin. 


Experiments Rabbits. 


The experiments rabbits were done with the intention clear- 
ing two much disputed questions: first, the transmission polio- 
myelitis rabbits; and, second, the isolation any microorganism 
whatever, from the brains rabbits that died after injections 
poliomyelitic virus and streptococci. 
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With regard the first question, Krause and Meinecke (32), Lentz and Hunte- 
miiller (33), Marks (34), and Rosenau and Havens (35) have made various claims 
regarding the passage the virus through rabbits. The first two sets investi- 
gators claim have carried the virus back the monkey, while Rosenau 
and Havens induced indefinite lesions only the monkey with the rabbit mate- 
rial. Marks alone reinoculated the rabbit material its 2nd, 4th, and 6th 
generations successfully monkeys which animals typical lesions occurred. 
But typical lesions were ever found the rabbits. 

More recently Rosenow (15) and Nuzum and Herzog (18) have reported the 
production poliomyelitis rabbits the injection streptococci isolated from 
cases that disease. Mathers (20), who also isolated the streptococcus, non- 
its etiological significance. the other hand, many investigators, 
Landsteiner and Levaditi (36), Leiner and von Wiesner (37), Rémer and Joseph 
(38), Flexner and Lewis (39, 40), and others have obtained only negative results 
their attempts produce poliomyelitis rabbits. 


used fifty-six rabbits. Forty-three were inoculated with either 
glycerolated poliomyelitic virus streptococci, while thirteen were 
kept controls. The animals were mostly young. None the 
animals that succumbed the injections showed any changes char- 
pairs, chains, and groups were the only organisms found, and they 
were isolated from the brains nearly all the animals from which 
have made cultures. The experiments were carried out the fol- 
lowing manner. 


Series 


Rabbits Injected with Glycerolated Poliomyelitic Virus from Monkeys. 
—Eleven rabbits were injected with brain and cord emulsions from 
Monkey two with cord intracerebrally; three with brain intra- 
venously; three with brain intracerebrally; two with brain intracere- 
brally twice; and one with brain both intracerebrally and then, after 
days, intravenously. this number, six have died from 
days after injection and five remained well. 


Rabbit 3.—Weight 865 gm. Dec. 18, 1916. Injected intracerebrally with 
0.3 cc. brain emulsion. did not show any signs illness after injection and 
Jan. was given another dose the same size and through the same route. 
Jan. Feb. well. Feb. Found dead the morning, out- 


side the cage. Because the uncertainty the cause death cultures were 
made the time autopsy. 
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Histological and cord appeared normal. One small 
area cellular accumulation the cerebellum was found. 

Rabbit 4.—Weight 550 gm. Jan. 1917. Injected intracerebrally with 0.3 
cc. cord emulsion. Feb. 27. Found lying flat the chest. Front legs 
paralyzed and hind legs very weak. Autopsied minutes after death. 

Histological Examination.—Cerebrum, cerebellum, and cord were found 
normal both macroscopically and microscopically. 

Rabbit 5.—Weight 610 gm. Jan. 17, 1917. Injected intravenously with 0.5 
cc. brain emulsion. Remained well Jan. 27. Jan. 28. Found dead. 

Histological Examination.—With the exception the slight vascular congestion 
the cerebrum there was change the nervous system. 

Rabbit 430 gm. Jan. 17, 1917. Injected intracerebrally with 0.3 
cc. brain emulsion. well Jan. 29. Jan. 30. Found dead. 

Histological Examination.—In the cerebrum there were slight perivascular 
infiltration and few areas cellular accumulation. the cord there was one 
area cellular accumulation one posterior horn, but the meninges and vessels 
were normal. another section the cord there was large hemorrhage the 
posterior horn. 

Rabbit 605 gm. Jan. 17, 1917. Injected intracerebrally with 0.3 
cc. brain emulsion. Jan. 24. Found dead. previous sign illness 
observed. 

Histological Examination.—With the exception slight congestion the ves- 
sels the pia and those the substance the cerebrum, there was nothing 
abnormal the central nervous system. 

Rabbit 335 gm. Jan. 17, 1917. Injected intracerebrally with 
0.3 cc. brain emulsion. Jan. 29. Found dead. previous signs illness 
observed. 

Histological Examination.—Cerebrum: Cellular infiltration pia and ad- 
ventitial lymph spaces vessels throughout section; many localized areas 
cellular infiltration. Cord: Area necrosis left anterior horn and accumula- 
tion polyblasts; similar accumulation polyblasts the white matter just 
adjacent the anterior horn the right side. vascular changes. Meninges 
and ganglion cells normal. 


Series 


Rabbits Injected with Brain Emulsions Other Rabbits That Died 
after Injections with Poliomyelitic rabbits were injected 


either intracerebrally intravenously; two died and seven remained 
well. 


Rabbit 600 gm. Jan. 24, 1917. Injected intracerebrally with 0.3 
cc. brain emulsion from Rabbit abscess developed the site injection 
and the animal died Feb. autopsy. 


276 ETIOLOGY EPIDEMIC POLIOMYELITIS 


Rabbit 700 gm. Jan. 24, 1917. Injected intravenously with 
0.5 cc. brain emulsion from Rabbit Jan. Feb. signs illness. 
Feb. 1.30 p.m. Found lying flat one side. The limbs were not actually 
paralyzed but they were very weak, shown the unsteadiness and drooping 
when the animal was put legs. The ear veins were dilated. After about 
minutes the animal fell down one side with paroxysmal stretching and con- 
vulsive movements the limbs. Then had labored gasps and, the same time, 
the head was strongly drawn back. died p.m. 

autopsy the brain was found congested, edematous, and soft. Three 
hemorrhagic spots were found the large intestinal wall. 

Histological Examination.—There were few small hemorrhages the cerebral 
cortex, otherwise the cerebrum, cerebellum, and cord were normal. 


Series 


Rabbits Injected Intravenously with Isolated from 
Monkeys.—Six rabbits were injected; four died and two remained 
well. avoid unnecessary repetition, may stated that all the 
bacterial suspensions were made sterile normal salt solution. Both 
anaerobic and aerobic cultures all the suspensions were made 
ascitic glucose agar and blood agar slants the time injection 
and the bacteria were always found alive and free from 
contamination. 


Rabbit 605 gm. Feb. 15, 1917. Injected with cc. hour 
broth culture pleomorphic streptococci isolated from Monkey Feb. 27. 
Died. 

Histological Examination.—Vascular congestion the cerebrum and cerebellum, 
otherwise there was change the nervous system. 

Rabbit 850 gm. Feb. 15, 1917. Injected with cc. hour 
broth culture pleomorphic streptococci isolated from Monkey Feb. 22. 
Died. 

Histological Examination.—With the exception hemorrhage the central 
canal the cord, the cerebrum, cerebellum, and cord were normal. 


Series IV. 


Rabbits Injected Intravenously with Isolated from Other 
Rabbits That Died after Injections with Poliomyelitic Virus Rabbit 
Brain Emulsion.—Altogether fourteen rabbits were injected—ten 
with streptococci from rabbits dead after injections with poliomye- 
litic virus with one death (no autopsy); and four with streptococci 
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from rabbits dead after injections with rabbit brain cord emulsions, 
and all these died (two autopsies performed). 


Rabbit 580 gm. Feb. 1917. Injected with cc. hour 
broth culture streptococci isolated from Rabbit 10. Died. 

Histological and cord normal. Cerebellum showed 
slight cellular infiltration the pia. 

Rabbit 14.—Weight 1,075 gm. Feb. Injected with cc. hour 
broth culture streptococci isolated from Rabbit 10. 14. Died. 

Histological Examination.—Cerebrum, cord, and posterior root ganglia normal. 


Series 


Rabbits Injected Intravenously with Isolated from Other 
Rabbits That Died after with rabbits 
were injected, with only one death. 


Rabbit 1,180 gm. Feb. 17, 1917. Injected with cc. 
hour broth culture streptococci isolated from Rabbit Died. 

Histological and microscopically the cerebrum, 
cerebellum, and cord were normal. 


Control Series. 


have shown before that streptococci could isolated from 
monkeys that died poliomyelitis well from other causes. 
The next question was whether not could also isolate strepto- 
cocci from normal rabbits and those that died from causes other than 
poliomyelitis. this purpose have used two syphilitic rabbits 
and eleven normal rabbits. 


Syphilitic Rabbits. 


Rabbit 16.—Dec. 13, 1916. Both testes were injected each with cc. 
emulsion testes containing Treponema pallidum ascitic fluid. From Dec. 
Jan. Jan.11. Diffuse lesions both testes containing 
Treponema pallidum. right testis was removed for another experiment, 
while the left scrotum and the back were injected for the luetin reaction. Jan. 12. 
reaction. Jan. 16. Left testis was removed for another experiment. Feb. 
the extremities were found paralyzed. Spinal fluid was negative 
for spirochetes. Feb. 24. Legs were still paralyzed. The rabbit was etherized 
and the brain taken for cultivation according the technique already described. 
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Bacteriological 26. Small diplococci were found all the tubes 
inoculated days previously. The growth was transferred glucose broth. 

Animal Four small rabbits were injected intravenously 
with the isolated diplococci. Rabbits (weight 631 gm.) and (weight 645 
gm.) each received the growth from cc. glucose broth suspended cc. 
sterile normal salt solution, and Rabbits (weight 695 gm.) and (weight 
655 gm.) each received the growth from cc. glucose broth suspended 
sterile normal salt solution. Rabbits 17, 18, and were found dead 
the morning. Death occurred within hours after injection. Autopsies 
were done Rabbits and 18. macroscopic changes the brains and 
cords were seen. Cultures the brains were made several media. Mar. 


and also streptococci were found present all the inoculated 


tubes. Rabbit was found dead but cultures were made. 

Histological Examination the Brain Rabbit normal. 
Cerebellum: one two areas necrosis the granular layer, without changes 
the vessels increase cells around them. (These may artifacts.) Cord: 
there had been large hemorrhage destroying most the right posterior horn; 
there was cellular infiltration around it, and the rest the section appeared 
normal. 

Rabbit 21.—Oct. 11, 1916. Back, shoulder, hips, and right testis were injected 
with emulsion testis ascitic fluid containing Treponema pallidum. Oct. 25. 
Skin showed few slight elevations. Both front legs were turned inward and 
the right testis. The right testis was found contain spirochetes. 
From this date Mar. 1917 there was change. Mar. With the 
exception the front legs being turned inward, signs illness. Animal 
etherized and cultures the brain were made. Mar. 10. Streptococci were 
found all the tubes inoculated. 


Normal Rabbits. 


Cultures the brains eleven rabbits were made. Ten brains 
were removed under ether and one minutes after death. This last 
rabbit was purposely killed for another experiment. Streptococci 
and, sometimes, other Gram-positive diplococci have been isolated 
from the brains seven the eleven animals. 


Globoid Bodies. 


1909 Flexner and Lewis (40) and Landsteiner and Levaditi (41) independ- 
ently discovered that the causative agent poliomyelitis was filterable. few 
years later Flexner and Noguchi (26) the use Noguchi’s technique culti- 
vating Treponema pallidum (42) succeeded isolating and cultivating minute 
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organism which they gave the name globoid bodies. These bodies are filterable 
and grow only under anaerobic conditions. They have been found the lesions 
poliomyelitis man and the monkey; they have not been detected lesions 
conditions other than have sufficed several instances repro- 
duce the experimental disease monkeys; and they have been recovered cultures 
from the lesions thus produced (43). Thus they fulfilled several instances 
Koch’s postulates. But with the possible exception the work Heist, Solis- 
Cohen, and Kolmer (29), one outside The Rockefeller Institute has far 
been able confirm this finding. The latter investigators report that they have 
successfully isolated and cultivated organism which corresponds with the 
globoid bodies Flexner and Noguchi, but the pathogenicity seems not have 
been tested. 


have attempted repeat this work. Using the Noguchi (26) 
technique and making many trials have succeeded finding 
organisms similar the globoid bodies culturally, morphologically, 
and staining reactions, but, owing some cause which still 
cannot explain, could not carry the culture for more than three 
generations. have not, therefore, injected monkeys with these 
organisms—an essential step for the establishment etiological 
relation between any organism and this disease—and cannot present 
draw any conclusion from our culture work. 


DISCUSSION. 


Streptococci. 


evident from our findings well from those obtained 
others that the presence streptococci, diplococci, staphylococci 
the brains, cords, cerebrospinal fluids human beings monkeys 
that have been infected with poliomyelitis, does not mean that they 
are the specific causative agents the disease. Even the monkey 
should show typical changes poliomyelitis after injections with 
poliomyelitic brain cord emulsions which aerobic cultivation proved 
contain streptococci, cannot conclude that these microorganisms, 
and not some others which not yet know and which might 
present the emulsions, are responsible for the disease. 

known that streptococci can easily isolated from many parts 
the normal body such the skin, mouth, throat, gastrointestinal 
and the upper respiratory tracts, etc., and that these microorganisms 
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under certain abnormal conditions enter the blood and lymph streams 
and then the organs. 

Thus they have been found these places smallpox and scarlet fever 
Hektoen (44, 45); tuberculosis Brown, Heise, and Petroff (46), Pettit (47), 
White Petruschky typhoid fever vonWassermann and Keysser 
(50), and Senger (51); congenital syphilis Kassowitz and Hochsinger (52); 
chronic nephritis, cancer the epiglottis, and compound fracture the 
skull White (48); measles Babes (53) and Tunnicliff (54); yellow fever 
Babes (53); diphtheria Loeffler (55); and many other diseases (56). 
short, there practically type disease with which streptococci have not 
been associated. 

has been shown further number investigators that, even perfect 
health, living bacteria may enter the blood and lymph streams; but under these 
conditions they are continually being destroyed after their entrance. 1899 
Adami (57) disproved the belief that was generally held that health blood and 
tissues were sterile and bacteria could only found there under abnormal con- 
ditions; showed that tissues were not actually, but only potentially sterile. 
Many years before this Ruffer (58) had demonstrated the existence enor- 
mous number microorganisms Peyer’s patches healthy rabbits, and De- 
soubry and Porcher (59) and Nocard (60) found micrococci the chyle and blood 
during digestion. 1900 Ford (61) reported that had succeeded growing 
micrococci from the livers and kidneys normal rabbits, and also found that the 
negative results obtained Neisser were due the use solid medium, the 
low temperature which the cultures were kept, and the short incubation time. 


have, connection with our present investigation, isolated 
both aerobic and anaerobic diphtheroids and also small staphylococci 
from the kidneys normal rabbits. thus seems proved that 
the tissues healthy individuals are not always sterile 
the strict sense the word. 

The fact that streptococci, and also diplococci and staphylococci 
have been found more frequently the body than other bacteria 
may due the greater invasive power possessed these pyogenic 
cocci, and their isolation from the brain the sick and normal rabbits 
may not mean anything more less than their wide distribution the 
body. 

The lack reports the isolation pyogenic cocci from normal 
brains does not prove that they not times invade this part the 
body. only means that they have not been searched for. dis- 
eased conditions where cultures have been made, the presence 
these cocci the brains and cords, spinal fluids, and blood has been 
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reported more than once. 1912, Donath (62) found staphylococci 
these places many cases Sydenham’s chorea. 1916, Rose- 
now (63) reported the finding streptococci and staphylococci the 
nervous system many nervous diseases other than poliomyelitis. 
have found streptococci and small diplococci 
syphilitic rabbits. All these seem mere instances where bac- 
teria, after their entrance into the body, are not completely destroyed 
result the lowered body resistance. Indeed, 1896 Flexner 
(64) said, after testing the bactericidal action normal human blood 
serum Staphylococcus aureus, that the former did appear possess 
distinct bactericidal properties for the latter, and also that this power 
was absent, diminished, least some cases advanced chronic 
disease. 

From the evidence given above can safely say that ordinary 
streptococci, diplococci, and staphylococci, or, they have recently 
been described literature, cocci chains, pairs, and clumps, are 
not the specific causative agents poliomyelitis, but rather that the 
latter permits greater invasion the nervous system the 
former. 


Nuzum (19) and Gauss (21) claim have cultivated aerobic streptococci from 
per cent the spinal fluids taken from cases poliomyelitis. Previous and 
coincident workers have usually had contrary results. Thus Abramson (65) con- 
cluded, from the study about 1,200 fluids from patients with acute poliomyelitis 
all stages the disease, that present little, any, virus demonstrable 
either culture animal inoculation the fluids human poliomyelitis the 
early have examined one sample spinal fluid which was negative 
for bacteria. Furthermore, the early accumulation large number negative 
results soon led the opinion that the original discoveries might due errors 
technique. 1909, Leiner and von Wiesner (37) found that the first part 
the fluid was used, growth cocci could frequently obtained, but never 
from the rest the fluid. They tested cases poliomyelitis well hydro- 
cephalus, tuberculous meningitis, and pneumonia, and obtained similar results 
all. 

Rosenow and others reported that intravenous injection into the rabbit 
pure culture streptococci isolated from case poliomyelitis would produce 
flaccid paralysis, but paralysis does not necessarily signify poliomyelitis. Very 
large doses were given these experiments, and possible that the paralysis 
may have been due special localizations the organism. 1908 Strauss (66) 
reported case streptococcemia with septic endocarditis and infarcts. This 
patient developed flaccid paralysis all extremities, and died state coma 
two hours after the onset the the brain. Moreover, other in- 
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vestigators, such Gilbert and Lion (67), Thoinot and Masselin (68), and many 
others have produced paralysis rabbits the injection colon bacilli. 
(69) says: are peculiarly liable suffer from paralysis whenany molec- 
ular substance injected into the blood Expressing this point 
various kinds (streptococci, coli), fact any foreign substance molecular 
state directly into the blood stream will cause paralysis symptoms similar 
paralysis time considerably later than the date injection.” 

has been stated that the pleomorphic streptococci isolated from 
cases poliomyelitis, when injected into rabbits, had produced paralysis 
various groups muscles and lesions every detail the changes con- 
sharp contrast our findings well those obtained others. have not 
even been able produce typical lesions rabbits with the actual virus, while 
with streptococci Bull (70) has only produced rabbits various conditions and 
lesions referable not poliomyelitis, but streptococcus infection. 


Finally, our isolation streptococci and diplococci cannot 
ascribed air contamination, have them constantly 
the brains many animals. Further, have found growth 
more frequently or, express more accurately, growth about 
two-thirds and sometimes even all the tubes inoculated with brains 
from sick monkeys and rabbits, while from normal brains have 
found growth only one or, most, two out sixteen tubes 
aerobic cultures. Smillie (31) has had similar experience. More- 
over, such cocci have also been found Flexner and Noguchi, and 
Rosenow; but they interpreted their findings different ways. 
Flexner and Noguchi their work poliomyelitis regarded these 
cocci accidental contaminations. Rosenow, the contrary, re- 
garded them the specific causative agents many diseases. 
poliomyelitis believe that these cocci are neither the extracorporeal 
contaminations nor the specific causative agents the disease. 
regard them organisms present the normal body which, under 
conditions lowered resistance the course disease from other 
causes, acquire the power more extensively invading the tissues. 


More recently, Rosenow and his associates (71, 72, 73) have reported (1) that 
the streptococci could produce immunity monkeys against poliomyelitis and 
(2) that the serum horses immunized with their streptococci could neutralize 
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the active poliomyelitic virus. our work have not been able confirm 
the first part this statement (experiment with Monkey 6), while Amoss and 
Eberson (74) have failed find Rosenow’s antipoliomyelitic horse serum any 
greater neutralizing power against the poliomyelitic virus than that which was 
present the control normal horse serum. 

has been claimed still further Rosenow (15, 75), Nuzum and Herzog (18), 
Mathers (20), and Hektoen, Mathers, and Jackson (76) that they have found cocci 
—large and small, arranged either singly, pairs, groups—in the sections 
the central nervous system epidemic poliomyelitis. The last three investi- 
gators have examined fifty-seven cases and found cocci sections the central 
nervous systems the fifty-three that showed positive changes poliomyelitis. 
the sections from the other four cases which showed changes poliomyelitis 
they found bacteria. the other hand, Norris, Shatara, and Dean (77) 
reported that they have found Gram-positive cocci not only per cent the 
cases poliomyelitis but also per cent the normal spinal cords. After 
anatomical study fifteen cases acute poliomyelitis Blanton (78) says: 
“Tt was extremely difficult feel convinced having found any ‘organisms 
any the cords have found cocci only one section, located 
outside the lesion, which Rosenow explains due the low virulence the 
organisms, but think better explanation can given. Negative results have 
also been obtained Wickman (9), Harbitz and Scheel (79), Robertson and 
Chesley (27), and many others. seems us, therefore, that the cocci have 
etiological relation the lesions poliomyelitis. 


Globoid Bodies. 


Although the findings Flexner and Noguchi and Smillie have 
received but little confirmation, yet they have not been positively 
disproved. least two links the chain proofs for the establish- 
ment etiological relation between the globoid bodies and polio- 
myelitis have far not been supplied. First, the globoid bodies 
have not yet been proved able produce immunity against 
poliomyelitis, and, second, the serum monkeys immunized with the 
globoid bodies has failed show neutralizing power against polio- 
myelitic virus (43)—two points which seem against the globoid 
bodies being the causative agents poliomyelitis. The acquisition 
saprophytic properties long cultivation outside the body does 
not seem explain the failure these bodies fulfill these two con- 
ditions, because they have been found one instance virulent 
months after isolation (80). 

The chief differences and similarities between the poliomyelitic 
virus, and the globoid bodies and the streptococci are tabulated below. 
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Globoid bodies. 


have been found re- 
peatedly the lesions 
poliomyelitis man and 
the monkey; they have not 
been detected lesions 
conditions other than pol- 
(Amoss, 43). 


. . . . 


they have suf- 
ficed reproduce sever- 


alinstances the 


tal disease monkeys 
(Amoss, 43). 


They have not been shown 
produce immunity against 
poliomyelitis. 


Sera monkeys immunized 
with these organisms can- 
not neutralize poliomye- 
litic virus (Amoss, 43). 


The serum obtained from 
monkeys recovered from 
experimental 
litic shows very little ag- 
glutination power (Amoss, 
43). 


Poliomyelitic virus. 


has been found only 


cases poliomyelitis 


and poliomyelitis car- 
riers. 


typical lesions polio- 
myelitis only mon- 
keys. 


can render monkeys im- 
mune against poliomye- 
litis. 


Serum monkeys immun- 
ized with this can neu- 
tralize the active virus. 


Streptococci. 


They have been found the 
lesions poliomyelitis, 
the lesions other dis- 
eases, and normal brains 
and cords. 


They can produce gross and 
microscopic changes sim- 
ilar those found acute 
poliomyelitis man, not 
only monkeys but also 
rabbits, guinea pigs, 
and many other animals. 


Rosenow, 
Wheeler and others have 
reported 
munization monkeys 
with these organisms 
against poliomyelitis. 


horse immunized with re- 
cently isolated strains 


from experimental polio- 
myelitis the monkey 
appears have developed 
neutralizing, 
and curative power against 
the virus poliomyelitis” 
(Rosenow, 72). But this 
serum has failed show 
more neutralizing power 
against poliomyelitis virus 
than normal horse serum 
(Amoss and Eberson, 74). 


“The serum patients and 
monkeys recovered from 
poliomyelitis cross-agglu- 
tinates specifically many, 
but not all, the strains 
the lower dilutions” 
(Rosenow, Towne, and 
Wheeler, 71). 
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CONCLUSIONS. 


Streptococci have been isolated from the central nervous system 
monkeys dead poliomyelitis. 

Streptococci have also been isolated from the central nervous system 
monkeys dead other causes well from the brains normal 
rabbits. 

Streptococci isolated from poliomyelitic monkeys not differ 
from those isolated from monkeys and rabbits dead from other causes. 

etiological relation has not been established between strep- 
tococci and poliomyelitis. 

have several times isolated organism that was similar 
the globoid bodies culturally, morphologically, and staining reaction, 
but have not been able carry along for more than three genera- 
tions. The pathogenicity these organisms has therefore not been 
tested monkeys. 

have not been able produce typical lesions poliomyelitis 
rabbits the injection either the poliomyelitic virus 
streptococci. 


wish acknowledge indebtedness Prof. Hans Zinsser for 
his suggestions and aid throughout the course this investigation. 
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ANOTE THE PRODUCTION ACID 


GLENN CULLEN, ALAN CHESNEY, M.D. 
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The latent period growth “lag,” first recognized Miiller 
the time interval between the inoculation medium 
and the beginning growth the maximum rate. Chesney con- 
cluded that the latent period the growth bacteria expression 
injury which the bacterial cell has sustained from its previous 
environment.? This conclusion was based upon the observations 
that the latent period was evident only when the cultures used 
inoculation were longer growing the maximum rate, and that 
pneumococci cultures the end the period maximum growth 
contain substance that inhibits the growth actively growing 
pheumococci. 

studying the nature the influence which the products metab- 
olism exert upon the further activity microorganism impor- 
tant investigate the changes which may have occurred the hydro- 
gen ion concentration the medium. The question the influence 
hydrogen ion concentration has been reviewed exhaustively 
and more recently Clark and 
Clark and Lubs emphasize its importance one the factors con- 
trolling bacterial growth thus: “Just pay attention the tem- 
perature the incubator, should pay attention the hydrogen 
ion concentration the therefore undertook study 
the hydrogen ion concentration actively growing pneumococcus 


M., Hyg. Infectionskrankh., 1895, xx, 245. 

Chesney, M., Exp. Med., 1916, xxiv, 387. 

L., Ergebn. Physiol., 1912, xii, 393. 

Michaelis, L., Wasserstuffionenkonzentration. Ihre Bedeutung fiir die Bio- 
logie und die Methoden ihrer Messung, Berlin, 1914. 

M., and Lubs, A., Bacteriol., 1917, ii, 
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EXPERIMENTAL. 


pneumococcus strains were 
Types and II,’ which had been isolated several years, passed through 
many white mice, and transferred innumerable times artificial 
media. The beef infusion broth was made extracting pound 
chopped beef with liter water over night ice, filtering, adding 
peptone per cent and sodium chloride 0.5 per cent, and boiling 
hour. The reaction was adjusted 0.2 per cent the phenol- 
phthalein method, the medium was then boiled minutes, filtered, 
and sterilized Arnold sterilizer for minutes successive 
days. One lot medium was used throughout. The cultures were 
incubated the dark water bath 37°C. 1°). The broth was 
brought 37°C. before seeding. The number organisms present 
unit volume was determined diluting and plating, using 
cc. per cent dextrose agar. The plate method was used 
order count only living organisms. 

Chemical hydrogen ion concentrations were de- 
termined the gas chain method with the same precautions used 
previous work reported from this laboratory The accuracy 
the entire determination was tested frequently means Séren- 
sen’s standard phosphate and Walpole’s® standard acetate mixtures 
known hydrogen ion concentration. 

Since heat chemical sterilization the cultures might change the 
reaction, small samples were removed from the culture flasks, cooled 
room temperature, and transferred directly the electrode vessels 
where purified hydrogen was admitted and the determination made. 
Equilibrium obtained the Clark electrode about minutes, 
that the time error introduced this technique negligible. The 
apparatus was then chemically sterilized. 

customary use the logarithms the number 
organisms recording results experiments rate growth 
bacteria. The logarithms the viable organism per 0.5 cc. are plotted 
ordinates against time intervals All hydrogen ion 


R., and Gillespie, J., Am. Med. Assn., 1913, 727. 
Cullen, E., Biol. Chem., 1917, xxx, 369. 
Walpole, G.S., Chem. Soc., 1914, cv, 508. 
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concentration rates are expressed symbol 
the Briggs logarithm the hydrogen ion concentration. the charts 
increase acidity denoted rise the curve. 


Experiment 1.—A flask containing 500 cc. broth 37°C. was seeded with 
hour culture Type II. Kept water bath 37°C. Samples were removed 
the indicated interval for analyses (Table Text-fig. 1). 


TABLE 
hrs. 
6,750 3.83 7.68 
7,250 3.86 7.66 
9,000 7.64 
3.6 10,800 4.03 7.66 
4.6 22,700 4.36 
79,000 4.90 7.56 
6.7 228,000 5.36 
7.8 770,000 5.87 7.44 
9.0 4,150,000 6.62 
10.4 23,000,000 7.36 7.20: 
12.0 38,000,000 7.58 
71,000,000 7.85 7.05: 
14.3 74,000,000 7.87 7.02 
61,000,000 7.79 


HOURS 


Type II. Experiment Curves showing 
growth and change hydrogen ion concentration. 
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The agreement between these curves extremely close. The lag 
rate growth parallels the lag the production of.acid products. 
should noted that the change rate growth takes place before 
the change rate production acid. 


Experiment 2.—A flask containing 500 cc. broth 37°C. was seeded with 
0.1 cc. hour broth culture Pneumococcus Type II. Kept water bath 


37°C. Samples were removed the indicated interval for analyses (Table 
II, Text-fig. 2). 


TABLE II. 

hrs. 
43,000 4.63 7.71 
1.0 43,400 4.64 
45,000 4.65 
3.0 84,000 4.92 7.69 
4.0 163,000 7.63 
5.0 480,000 5.68 7.60 
7.8 7,200,000 6.86 
9.0 20,800,000 7.24 

108,000,000 8.03 
48.0 20,000,000 
72.0 1,000 3.00 


These results agree closely with those Experiment addi- 
tion, this experiment was continued further. After the period 
maximum growth the hydrogen ion concentration remained fixed 
although the bacteria were dying rapidly. 


2 
| | 
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Experiment 3.—A flask containing 500 cc. broth was seeded with cc. 
hour broth culture Pneumococcus Type Kept water bath 
the indicated interval samples were removed for analyses (Table 


TABLE 

hrs. 4 pH 
375,000 7.70 
2.0 450,000 5.65 7.68 
4.0 6,200,000 6.79 7.56 
6.0 130,000,000 8.11 
145,000,000 8.16 7.14 
10.0 160,000,000 8.20 
177,000,000 8.25 7.09 
210,000,000 8.32 7.07 
15.9 166,000,000 8.22 7.03 
63,000 4.80 7.04 
76.0 330 7.04 
96.0 1.90 


This experiment illustrates the fact emphasized Chesney that 
the death rate comparable with the velocity monomolecular 
reaction, where the concentration only one substance changes 
during the reaction. This type reaction represented graphically 
straight line curve. shows, moreover, that the acid pro- 
duction, function the actively growing organism, and that the 
death the pneumococcus not associated with acid production, 
with increase the hydrogen ion concentration. 


DISCUSSION. 


evident from the above results that the pneumococci when 
growing actively produce acid substance sufficient quantities 
change the hydrogen ion concentration marked degree. That this 
acid production metabolic function the living organism indi- 
cated the fact that after growth has ceased there further 
change the hydrogen ion concentration, either while the organ- 
isms remain alive, during the subsequent period when they are 
dying. 
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The fact that cessation growth occurs always about 
suggests that hydrogen ion concentration more than not 
favorable growth. The reaction the blood, about 7.4, 
permits the maximum rate growth. However, the fact reported 
the earlier paper that the inhibiting substances are 
destroyed incubation for from days evidence that the 
reaction itself least not the only cause the injury, for have 
found that the does not change during this 
more, since actively growing cultures inoculated into media thus 
used and incubated, and with continue grow, the reaction 
itself not sufficiently acid prevent growth entirely. must 
other inhibiting factors. The nature these inhibitory sub- 
stances present unknown. Since, however, our present investi- 
gation has been indefinitely interrupted, seems desirable report 
the present form. 


SUMMARY. 


Actively growing pneumococci produce acid such rate that 
change the the medium parallels change rate growth. 

The death the pneumococci not followed change the 
reaction. 

Acidification during growth beef infusion media proceeds 
until about reached. this point growth stops. The 
increase hydrogen ion concentration not the only origin the 
injury the cell that causes lag subsequent culture. 

The increase hydrogen ion concentration the medium not 
the sole cause cessation growth. 


INFLUENCE TEMPERATURE UPON THE VELOCITY 
THE COMPLEMENT FIXATION REACTION 
SYPHILIS. 


HIDEYO NOGUCHI, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, April 25, 1918.) 


has become customary carry out immunity reactions vitro 
the temperature 37°C., because most the reactions between 
specific antibodies and antigens take place only 37°C. near that 
point. The reactions bacteriolysis, cytolysis, hemolysis, agglutina- 
tion, precipitation, phagocytosis, opsonization, etc., manifest their 
maximum activities 37°C. Certain biological reactions, however, 
not necessarily follow this general rule. For example, hemolysis 
produced saponin, bile salts, cobra lecithid, sodium oleate 
complete within very short time whether The 
velocity the reaction these instances such that time and tem- 
perature play but slight part. 

The mechanism the lipotropic complement fixation syphilitic 
serum spinal fluid not understood, but certain that the 
lipoids are important factor. The question regard the 
velocity this reaction has not received much attention de- 
serves. The prevailing idea that one the immunity reac- 
tions which manifest their maximum activity 
not the reaction can take place lower temperatures has not been 
carefully studied. have been interested this phase the 
problem and have carried out numerous experiments determine the 
relation between time, temperature, and reaction. determination 


'Madsen, T., and Walbum, L., Toxines antitoxines. 
température sur vitesse réaction. Overs. Danske Vidensk. 
1904, No. 425. 

Madsen, T., and Noguchi, H., Toxines tem- 
sur vitesse réaction. II, Overs. Danske Vidensk. Forh., 
1904, No. 447. 
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these points practical importance the present time, since, 
should the reaction prove take place satisfactorily temperature 
which can obtained without the aid special incubator, the per- 
formance the test becomes much more widely adaptable. That this 
the case shown the following experiments. 


Detection Varying Known Quantities the Fixing Substance 
ilitic Different Temperatures. 


was the purpose this series experiments study whether 
not given quantity the fixing substance can detected, not only 
the usual incubation temperature 37°C., but also 30° 
Graduated doses strongly positive syphilitic serum were chosen, 
that series would represent two and one fixing units and three- 
fifths and one-fifth unit. For the first experiment serum was 
selected which produced complete fixation dose 0.05 cc. within 
minutes 37°C. (water bath). this 0.1, 0.05, 0.03, and 0.01 cc. 
were measured into different tubes and tested for their fixing capacity 
different temperatures, 37°, 30°, and 23°C. 

the first series human complement, 0.1 cc., and the second 
guinea pig complement, 0.04 cc. (or 0.1 cc. per cent guinea 
pig serum dilution), were used. The quantities the other ele- 
ments were usual, antihuman amboceptor, 0.1 cc., containing one 
unit for the human and two units for the guinea pig complement, 
per cent human corpuscle suspension, 0.1 cc., and antigen, 0.1 cc. 
The total volume each tube was made 1.5 cc. 

Four groups tubes, representing 0.1, 0.05, 0.03, and 0.01 cc. 
the serum, were prepared for studying the influence temperature 
upon the velocity the reaction (Table I). Each group had seven 
duplicate sets for each dose serum, was necessary add ambo- 
ceptor and corpuscle suspension seven different intervals after the 
first incubation period began. The addition the amboceptor and 
corpuscle suspension was made simultaneously minutes, min- 
utes, minutes, minutes, hours, and hours after the contents 
were mixed. 

For the temperature 37°C. water bath was used, for 30°C. 
special thermostat room, and for 23°C. the laboratory room. Not 
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only the first incubation, but also the second hemolytic phase the 
reaction, was carried out the temperatures indicated; that is, the 
results recorded under the heading 23°C. were obtained that 
temperature throughout, and those 30° and 37°C. also. 

the experiments recorded Tables and the same quantities 
fixing substance were employed, but the 
source and amount complement used were different. will 
noted that the reaction was somewhat stronger when 0.04 cc. guinea 


TABLE 


Fixation Human Complement Various Temperatures. 


23°C. 
Incuba- Serum 
tion 
o o o o o o o 
diate- 
ly. 


Human 0.1 cc.; diluted antihuman amboceptor, 0.1 cc. (one 
per cent human corpuscle suspension, 0.1 cc.; antigen, 0.1 cc. Total volume, 


The second incubation also was carried out the temperatures indicated. 


pig complement was used instead 0.1 cc. human complement. 
The difference seems due the that the more active the 
complement the easier fixed, since guinea pig serum contains the 
requisite complement much smaller volume. 

Some striking facts are brought out these experiments. When 
the amount fixing substance exceeds two units (0.1 cc.), complete 


Noguchi, H., and Bronfenbrenner, J., The interference inactive serum and 
egg-white the phenomenon complement fixation, Exp. Med., 1911, xiii, 92. 
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fixation takes place within minutes 23° 30°C., while 37°C. 
the fixation complete within minutes. When one unit fixing 
substance (0.05 cc.) used, the fixation complete within minutes 
37°C., minutes 30°C., and hours 23°C. With three-fifths 
(0.03 cc.) and one-fifth (0.01 cc.) the fixing unit the minimum time 
required for completion the fixation minutes for 37°C., 
minutes for 30°C., and hours for 23°C. 


TABLE II. 


Fixation Guinea Pig Complement Various Temperatures. 


30°C 33°C 
Serum 
diate- 
ly. 
hrs. 


per cent guinea pig complement, 0.1 cc.; diluted antihuman amboceptor, 
0.1 cc. (representing two units for this system); per cent human corpuscle sus- 
pension, 0.1 cc.; antigen, 0.1 volume, 1.5 cc. 

The second incubation also was carried out the temperatures indicated. 


The velocity the reaction complement fixation and subsequent 
hemolysis much greater 37°C. than 30° quantity 
complement which will completely hemolyze the mixture 
minutes 37°C. will require minutes 30°C. and minutes 
23°C. for complete hemolysis. therefore understood that the 
test syphilitic serum 30° 23°C. requires period nearly 
hours, while 37°C. the reaction complete the end hour. 
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TABLE 
Comparative Study Specimens Tested Different Temperatures. 


37°C; 30°C. 20°C: 
Incubation min. Incubation hrs. Incubation brs. 

0.2 

fluid 

fluid 

fluid 

fluid 

fluid 


Human complement was employed. Diluted antihuman amboceptor, 0.1 cc. 
(one unit); per cent human corpuscle suspension, 0.1 cc.; antigen, 0.1 cc. 
Total volume, 1.5 cc. 

The first and second incubations were carried out the temperatures indicated. 
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Examination Specimens Serum and Cerebrospinal Fluid 
Different Temperatures. 


With view the possible practical application the facts just 
mentioned, series tests was undertaken with specimens serum 
and cerobrospinal fluid 37°, 30°, and 23°C. The serum was used 
the active state, and the cerebrospinal fluids were tested adding 
human complement, 0.1 cc., each specimen. ‘Table III gives the 
results. 

There was disagreement the results obtained the three 
different temperatures. Apparently the examination syphilitic sera 
and cerebrospinal fluids can conducted warm laboratory with- 
out recourse incubator which temperature 37°C. main- 
tained. advisable, however, make use the incubator 
whenever available, and, when not accessible, make the room 
warm possible, order accelerate the reaction. hour 
incubation sufficient when the temperature the air 


CONCLUSIONS. 


Examination syphilitic serum cerebrospinal fluid can made 
any temperature between 23° and 37°C. The velocity the fixa- 
tion reaction, including the fixation complement and subsequent 
hemolysis, greater higher temperature, the optimum point 
being 37°C. The maximum reaction also reached, however, when 
the mixture lipoids, syphilitic serum, and complement allowed 
stand for long enough period lower temperature, the minimum 
thermal point being near 23°C. For the optimum temperature (37°C.) 
incubation minutes sufficient, while for the minimum tem- 
perature (23°C.) hours are necessary. the temperature 30°C. 
the reaction proceeds with moderate velocity and complete within 
minutes. 

Guinea pig complement gave sharper reaction with the sera which 
contained less than one unit the fixing substance. Fixation 
complete, however, any the three temperatures within minutes 
when there are more than two units present. serum containing one 
unit fixing substance will complete reaction within minutes 
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37°C., minutes 30°C., and hours 23°C., irrespective 
whether human guinea pig complement used. 

For many reasons properly adjusted thermostat for 37°C. 
recommended for conducting the serum diagnosis syphilis when 
possible, but should not overlooked that temperature near 
30°C. entirely reliable result can obtained without special 
incubator. Even temperature low 23°C. the test can 
carried out sufficient length time allowed. 

The foregoing conclusions refer only the systems which the 
acetone-insoluble fraction tissue used antigen. 


H., Serum diagnosis syphilis and butyric acid test for syphilis, 
Philadelphia, 3rd edition, 1912. 
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RESTORATIVE EFFECT SALTS MAGNESIUM AND 
CALCIUM AFTER LETHAL DOSES SODIUM 
OXALATE. 


FREDERICK GATES, M.D. 


(From the Department Physiology and Pharmacology The Rockefeller Institute 
for Medical Research.) 


(Received for publication, April 16, 1918.) 


recent article' Gates and Meltzer reported series experi- 
ments rabbits which the combined action sodium oxalate and 
magnesium sulfate and the antagonistic action calcium chloride 
the effects injections these salts were employed. The experi- 
ments showed that while the symptoms resulting from intramuscular 
and subcutaneous injections sodium oxalate differ markedly from 
the depressant effects magnesium salts, combination submin- 
imal doses the two substances the same animal causes profound 
depression essentially similar that which follows effective dose 
magnesium alone, the additional injection the oxalate seeming 
augment the magnesium effect. The anesthesia and paralysis 
resulting from the double injection differ, however, from those pro- 
duced magnesium alone the presence plateau the period 
deepest depression, that the condition the animal remains 
apparently unchanged for considerable period time, during which 
respiration fairly well supported. The antagonistic action cal- 
cium salts proved effective and striking the depression 
caused magnesium alone. 

the present paper series experiments reported which 
the antagonistic action salts magnesium and calcium was 
studied rabbits which had received lethal dose sodium oxalate. 
Since the symptoms produced magnesium are character oppo- 
site those acute oxalate poisoning, and since calcium precip- 
itant the oxalates the animal body, well vitro, seemed 


Gates, and Meltzer, J., Exp. Med., 1916, xxiii, 655. 
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possible that either magnesium calcium might value com- 
bating the effects large doses 

Rabbits were employed. Sodium per cent solution, 
and hydrated magnesium sulfate molecular solution were injected 
into the sacrospinal muscles opposite sides the body. The doses 
were computed grams per kilo The site the 
magnesium injection was always massaged for about seconds, that 
the oxalate was only sometimes massaged. Calcium chloride 
solution was injected into the marginal vein the ear doses 


Effects Sodium Oxalate. 


When lethal dose sodium oxalate injected into the lumbar 
muscles rabbit, definite and characteristic train symptoms 
follows. Often the animal defecates immediately after the injection. 
the course few minutes becomes restless and alert, changing 
position and posture suddenly, with quick abrupt movements. The 
hind legs seem stiff and are dragged. The respiration increases 
depth and rapidity, and becomes somewhat labored, panting, 
very rapid and continuous, without pause. The body shakes and the 
head nods with the breathing. favorite posture prone the 
belly, with fore and hind legs extended, head up, and The 
animal frequently gets from this position only seek again after 
moment restless movement. After minutes more acute 
symptoms make their appearance. Gradually the nodding 
retracted back and upward until the nose the air. inter- 
vals jerked down again, only rise before. The respiration 
becomes more labored and irregular, and stops the rabbit suddenly 
goes into tetanic state with marked opisthotonos, followed 
violent spastic convulsion, and then becomes limp. Sometimes this 
first convulsion terminal; the animal relaxes, and all movement 
ceases after fading, final series gasps during which the heart can- 
not other instances the heart continues beat, respira- 
tion returns, and second period restlessness may followed 


See also Starkenstein, E., Zentr. Physiol., 1914, xxviii, 63; Arch. exp. Path. 
Pharmakol., 1914, Ixxvii, 45. 
Merck’s reagent, oxalate. 
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intervals another spastic struggle series them. The suc- 
cessive periods between convulsions are marked progressive weak- 
ness. The animal sprawls the floor with legs spread, flanks re- 
laxed, and head fallen one side. Respiration becomes shallower, 
but not much slowed rate. palpation the heart beats seem 
rapid and weak. Finally the animal fails recover from one the 
convulsions, respiration fades away, the pupil dilates widely, and 
the heart can longer felt. series experiments with large 
doses sodium oxalate summarized Table 


TABLE 
Determination the Fatal Dose Sodium Oxalate for Rabbits. 


Sodium oxalate, per cent solution; left lumbar muscles. 


Dose per kilo. Massage. Lived. Died. Mortality. 
gm per cent 


One death hours, min., after feeble convulsive struggle. 


eleven rabbits which received injection 0.2 gm. per kilo 
sodium oxalate, ten died from minutes after injection. 
The surviving animal succumbed coma hours, minutes later. 
0.2 gm. sodium oxalate, given intramuscularly even without mas- 
sage, shown fatal dose for rabbits. dose was therefore 
selected for use the next series experiments. 


Restorative Effect Magnesium Sulfate. 


large amount evidence shows that the symptoms which follow 
injections magnesium salts are character opposite those 
described for sodium oxalate. Shortly after the injection magne- 
sium the respiration may increase rate, but soon becomes slower 
than normal and the animal sinks quietly into progressive state 
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narcosis depression, with partial complete anesthesia, loss the 
superficial reflexes, and varying degree paralysis which may 
cause death involvement the respiration. Symptoms hyper- 
sensitiveness and excitation are not seen. Hence endeavored 
counteract the effects oxalate poisoning injections magnesium 
sulfate. 

Only comparatively small doses magnesium could used. 
The earlier experiments had shown the striking action oxalate 
augmenting the effects magnesium injection. Doses 0.7 gm. 
magnesium sulfate and 0.12 gm. sodium oxalate, which when given 
alone produce only trivial symptoms, killed respiratory paralysis 
three out four rabbits. The dose magnesium sought, 
therefore, was one which would counteract the acute symptoms 


TABLE II. 
Restorative Effect Magnesium Sulfate. 


Magnesium sulphate solution; right lumbar muscles. Site massaged. 
Sodium oxalate per cent solution; dose 0.2 gm. per kilo; left lumbar muscles. 


gm. per cent 


oxalate poisoning, and yet not endanger the respiration through the 
depressant action the combined salts. The experiments this 
series are summarized Table II. The injection the magnesium 
sulfate followed immediately the injection the lethal dose the 
oxalate. 

Table correlates the results series thirty experiments 
which dose 0.6 0.4 gm. magnesium sulfate was given rabbits 
immediately after lethal dose (0.2 gm.) sodium oxalate. the 
ten rabbits which received 0.6 gm. magnesium intramuscularly 
with massage, the oxalate injection being followed massage also, 
only seven died. Death all instances was due respiratory 
paralysis. This dose magnesium effective preventing oxalate 
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convulsions, but itself considerable degree dangerous 
life when combined with much oxalate. series ten animals 
which received dose 0.4 gm. magnesium sulfate, with massage 
the site the oxalate injection, four survived, there was one 
instance typical acute oxalate death, while five other animals died 
later periods from the magnesium-oxalate depression. When, 
however, the site the oxalate injection was not massaged, that 
absorption occurred more slowly, 0.4 gm. magnesium sulfate did 
prevent oxalate convulsions and reduced the mortality per 
cent. the ten animals this series the two that died did not 
succumb acute attack, but died later from respiratory paralysis. 
one experiment 0.3 gm. magnesium sulfate, given rabbit 
whose oxalate injection was not massaged, did not prevent early 
death. 

The experiments show that magnesium, when administered 
proper doses, antagonistic oxalate poisoning. capable 
reducing the mortality and can effectively counteract the convulsive 
symptoms which are characteristic large doses sodium oxalate. 

The rabbits which the magnesium injection was effective pre- 


venting oxalate convulsions, and which survived the early period 


acute oxalate symptoms, exhibited depression similar to, but 
apparently not identical with that produced subminimal doses 
magnesium and sodium oxalate described our previous paper. 
This depression appears due specific inhibition the nervous 
system, both central and peripheral, characterized deep narcosis, 
with paralysis, anesthesia, and loss the superficial reflexes. The 
depression following large doses oxalate, with subminimal doses 
magnesium, does not lead safe narcosis, from which the animal 
may readily aroused calcium. depression rather type 
coma, intoxication marked progressive weakness, which the 
power voluntary movement, sensitiveness stimuli, and partial 
reflex activity remain until shortly before death, though these re- 
sponses are, course, limited the extreme general intoxication 
the animal. Calcium rouses these rabbits some extent. these 
animals effects seem have occurred which are not readily reversed 
calcium, the case magnesium depression; and even when 
roused they show weakness and stupor, and soon sink back into their 
former comatose state. 
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Restorative Effect Chloride. 


another series experiments intravenous injections calcium 
chloride solution were made. After the lethal dose (0.2 gm.) 
sodium oxalate had been injected intramuscularly, with without 
massage, the calcium solution doses cc. was injected into 
the marginal vein the ear, either immediately, after interval 
minutes. These later injections anticipated the onset 
the first convulsions, which were due appear about minutes 
after the injection the oxalate. The results are given Table 


TABLE 
Restorative Effect Calcium Chloride. 


Calcium chloride. 


Time Amount 
min. 


The experiments show that intravenous injections calcium chlor- 
ide may save life after lethal doses sodium oxalate. the site 
the oxalate injection massaged, least cc. calcium chloride, 
given immediately, are required; the site not massaged, cc., 
even when given after minutes, may effective. 


DISCUSSION AND SUMMARY. 


The experiments presented this paper brought out the following 
facts. Intramuscular injections sodium oxalate into rabbits 
doses 0.18 and 0.2 gm. proved invariably fatal, death generally 
occurring comparatively short time. The symptoms consisted 
excitation and tonic and clonic convulsions diminishing 
strength death was delayed. Some animals succumbed the first 
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convulsion. From the experiments which magnesium calcium 
was added, was evident that massage the site the oxalate in- 
jection unmistakably aggravating factor. 

the experiments with the addition magnesium calcium, 
doses 0.2 gm. oxalate were used, with without massage. 
The character the effect which follows addition magnesium 
and calcium was studied animals which received oxalate doses 
above the minimal lethal one. Nevertheless, there was practically 
all cases clear evidence that the effect the additional injections 
was the nature antagonism the oxalate effects. injec- 
tion 0.6 gm. magnesium not only alleviated abolished the 
excitation and convulsions, characteristic oxalate poisoning, but 
also reduced the mortality per cent. When the dose magne- 
sium was only 0.4 gm. per kilo body weight and the site the injec- 
tion the oxalate was not massaged—a condition which 0.2 gm. 
oxalate alone was invariably fatal—the mortality was reduced 
per cent. 

The favorable effect injections calcium chloride depended 
upon the quantity injected and the length the interval elapsing 
between the injection the oxalate and that the calcium. When 
the site the oxalate was massaged and only cc. the calcium solu- 
tion were injected, the animals succumbed the oxalate poisoning. 
When cc. calcium were given minute after the oxalate injection, 
the animals survived. When the site the oxalate injection was 
not massaged, then even cc. the calcium were sufficient save 
life. 

curative effect calcium upon oxalate poisoning has been claimed 
previous writers. This not difficult explain and probably 
consists the simple chemical process which can demonstrated 
Oxalates precipitate calcium salts vitro and have the same 
effect within the animal body. virtue this precipitation the 
calcium the body reduced below the amount indispensable 
maintain life. Loeb said: due the presence Ca- (and K-) 
ions our blood that our muscles not contract 
The convulsive movements oxalate poisoning may due least 


Loeb, J., Am. Physiol., 1899-1900, iii, also Meltzer, J., and 
Auer, J., 1908, xxi, 400. 
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partly reduction the calcium content the fluids the animal 
body. our experiments required injection cc. calcium 
chloride restore the calcium content the indispensable amounts; 
the injection cc. was effective only when the site the oxalate 
injection was not massaged. 


The fact that calcium salts are antagonistic the effects magnesium salts, 
which are practically only inhibitory their nature, does not exclude the possi- 
bility that under certain conditions calcium may also exert inhibitory effect. 
The following instructive illustration. Prolonged perfusion nerve 
muscle preparation with sodium chloride abolishes the irritability the motor 
nerve endings; addition calcium chloride restores it. the other hand, per- 
fusion with calcium chloride alone promptly abolishes this irritability. one 
case restores the irritability while the other inhibits 


different with regard the action magnesium upon oxalate 
poisoning. Superficially seems that there direct contradiction 
between the results reported previous communication! and the 
experiments reported this paper. The first series experiments 
demonstrates that oxalate and magnesium act synergetically, while 
the present series evidence brought forward that magnesium acts 
antagonistically the poisonous effects the oxalate. However, 
this seeming contradiction may explained the assumption that 
oxalates, especially larger doses, aside from their calcium-precipi- 
tating property, exert means yet unknown factor further 
toxic effect which favors the development excitation and convulsions, 
which turn lead exhaustion and death. The employment 
carefully selected doses magnesium salt will reduce abolish 
the excitation and spastic attacks and thus will prevent exhaustion 
and hence save life. may thus say that the favorable antagonis- 
tic action magnesium against large, fatal doses oxalate 
merely symptomatic its nature—similar, for instance, the fav- 
orable effect chloroform upon strychnine, convulsions—while the 
synergetic action subminimal doses magnesium and oxalate may 
considered specific nature. The precipitating action the 
oxalate decreases the calcium content and thus increases the effective- 
ness the inhibitory action the subminimal dose magnesium. 


Joseph, R., and Meltzer, J., Am. Physiol., 1911-12, xxix, 


STUDIES UROBILIN ELIMINATION THE NORMAL 
AND ANEMIC DOG. 


HARRY DUBIN, 


(From the John Herr Musser Department Research Medicine the University 
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(Received for publication, May 23, 1918.) 


congenital hemolytic icterus (1) and pernicious anemia (2) 
splenectomy followed decrease the elimination urobilin 
the feces. this decrease coincident with improvement 
the blood picture, generally assumed that the change urobilin 
elimination due decreased destruction blood. was the 
hope obtaining definite experimental evidence this point that 
the present investigation was undertaken. Trypanosoma equiperdum 
has been employed produce dogs continuous blood destruction 
which, endures over long periods time, may considered 
practically chronic experimental anemia. The elimination uro- 
bilin has been studied both the normal and splenectomized animal 
and the anemic animal before and after splenectomy and treatment 


RESULTS. 


the method Wilbur and Addis (3) could not demonstrate 
the presence urobilin the urine normal anemic dogs, thus 
confirming the findings these observers. 

the feces eleven normal dogs found elimination varying 
from 360 1,200 units per day: five between 360 and 480; four 


correlated studies, carried the same time and connection with 
which the technique described, the reader referred Krumbhaar, B., 
Experimental trypanosomiasis: infection the dog, Infect. Dis., 
1918, xxii, Dubin, H., and Pearce, M., The elimination iron and its 
distribution the liver and spleen experimental anemia. II, Exp. Med., 
1918, xxvii, 479. 
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between 600 and 960, and two 1,200. The last would appear, 
therefore, unusually high, and normal figures probably are be- 


TABLE 


Urobilin Elimination Experimental (Trypanosome) Anemia. 


Blood picture. Urobilin. 
1916 1916 


Dec. 4,980,000 


Dec. 6,340,000 


1917 1917 
3,660,000 Jan. 15-17 1,400 
3,900,000 


1916 1916 
Dec. 94) 6,520,000 Dec. 15-17 Jan. 23. Infected. 


— 
nN 


1917 1917 
2,900,000 


4,700,000 


tween 360 and 960 with average for all eleven observations about 
600. This variation normal dogs makes comparison with the 
anemic period delicate matter, but there doubt thatin individual 
dogs increase urobilin elimination occurs the period anemia. 
This shown Table 


Bar 
— 
3,550,000 Dec. 5-7 1,440 
. 
- 
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The administration trypanocide, arsenobenzol,? during the 
period anemia, brings about the temporary disappearance 


TABLE II. 


Urobilin Elimination Experimental (Trypanosome) Anemia Animals Treated 
with Arsenobenzol. 


Blood picture. Urobilin. 


1917 1917 


5,310,000 appear. Marked improve- 
May 1 40 4,000,000 somes reappear. May 0. Died. 


30| 3,520,000 May 26-28 16, 17, 18, 21, and 24. 
2,870,000 Salvarsan given. Trypano- 
3,000,000 somes disappear. 

June 3,690,000 


May 4,400,000 May 26-28 2,400| May 16, 17, 18, 21, and 22. 
3,540,000 somes disappear. 


trypanosomes from the blood and improvement the blood pic- 
ture, accompanied (Table II, Dog lessened elimination 
urobilin; thus Dog showed elimination 1,200 units urobilin 


the Dermatological Research Laboratories the Polyclinic 
Hospital, Philadelphia. 
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per day before infection, 2,400 units per day the height the in- 
fection, and only 960 units per day after receiving arsenobenzol. 
the other hand, when the blood picture does not improve under 
this treatment (Table Dogs and the high elimination urobilin 
continues. 

TABLE 


Urobilin Elimination after Splenectomy. 


Blood picture. Urobilin. 


Remarks. 
& 
1916 1916 


1917 1917 
7,700,000 


7,050,000 


6,410,000 


Mar. 5,320,000 Mar. 28-30 600 


the normal dog causes increase, varying 
degree, the elimination (Table This change may 
bear some relation the anemia usually seen after splenectomy. 


All operations involving the removal the spleen were done under ether 
anesthesia. 


‘ 
a 
a 
ag 
9,570,000 
7,200,000 
: 
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That splenectomy the course the infection has influence 
the course the anemia upon the elimination urobilin shown 
Table IV. 

TABLE IV. 


Elimination Urobilin Experimental (Trypanosome) Anemia with Splenectomy 
the Course Anemia. 


Blood picture. Urobilin. 


Remarks. 
8 g cells. examination. 
1916 1916 


6,240,000 


1917 1917 


2,610,000 27. Died. 


SUMMARY. 


The output urobilin increased experimental trypanosome 
anemia presumably result the increased blood destruction. 

The administration salvarsan (arsenobenzol) during the ane- 
mic period, checks the blood destruction, reduces the urobilin 
elimination, but this result does not follow unless the blood picture 
improves. 

Following splenectomy the normal dog increase the uro- 
bilin varying degree occurs, the significance which 
doubtful. 

Splenectomy during the period anemia does not cause de- 
crease urobilin elimination. 
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The experiments support the view that the elimination urobilin 
may considered index blood destruction, but they not 
explain the decrease the elimination occurring man certain 
forms hemolytic anemia following splenectomy. 
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MODIFICATIONS CULTURE MEDIA USED THE 
ISOLATION AND DIFFERENTIATION TYPHOID, 
DYSENTERY, AND ALLIED BACILLI.* 
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comparative study some the media proposed for the isolation 
the typhoid group bacilli led the conclusion that the Endo and 
brilliant green plates are most satisfactory. Both these media, 
however, possessed certain defects which impaired their usefulness. 
believed that the modifications reported below tend eliminate 
these defects. 


Modification the Endo Medium. 


was observed that the Endo medium, ordinarily prepared, 
with phenolphthalein reaction 0.2, gave variable results with 
the dysentery group bacilli, the Shiga type Bacillus 
being either markedly inhibited its growth failing grow all. 
This restraining effect was found due the end-reaction, which, 
after the addition the sulfite, reached hydrogen concentration 
ranging from 8.6 8.8, degree alkalinity unfavorable the 
development the Shiga bacillus. adjustment the reaction 
the medium the inhibiting effect greatly reduced, 
and the plates are suitable for the isolation all the pathogenic 
members the typhoid-dysentery class bacilli. 

The agar prepared the usual manner, titrated 7.4, flasked 
100 cc. other suitable amounts, and Before the 


*Work conducted under grant from the International Health Board The 
Rockefeller Foundation. 

constitutes the stock medium from which all the special media are 
prepared. 
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plates are poured the reaction adjusted the addi- 
tion the requisite amount sodium hydroxide solution. The 
lactose and sulfite-fuchsin solutions are then added under sterile con- 
ditions and the plates poured. was noted that sufficient add 
0.5 cc., instead cc., the sulfite-fuchsin mixture 100 cc. 
agar, and this amount was found preferable the isolation 
dysentery bacilli. The sulfite-fuchsin prepared decolorizing cc. 
per cent alcoholic solution basic fuchsin with cc. 
per cent solution sodium bisulfite. 


Modification the Brilliant Green Medium. 


The brilliant green plate advocated Krumwiede, Pratt, and 
proved the most satisfactory the various inhib- 
itive, selective culture media tested. lacked, however, the ad- 
vantage sharp differential indicator. Anumber indicators were 
tested and neutral red was found best answer this 
not readily reduced the action the group bacteria question, 
does not affect the activity the dye, and changes color the 
acid zone, beginning about 6.8. differentiation between 
fermenting and non-fermenting types the same Endo medium: 
the coli colonies are red have reddish center, while the typhoid 
and paratyphoid colonies are colorless faintly.brownish, owing 
the brownish tinge the plate. 

The medium prepared the usual manner, care being taken 
adjust the reaction This important, because the re- 
‘action the medium has marked influence the activity the bril- 
liant green, and this hydrogen concentration offers optimum conditions. 
The lactose, brilliant green, and neutral red solutions are added under 
sterile conditions just before plating. 0.25 cc. per cent water 
solution neutral red added 100 cc. agar. The optimum con- 
centration dye should always determined with known strains, 
the dye added 100 cc. agar gives the desired concentration. 


Krumwiede, C., Jr., Pratt, and McWilliams, Infect. Dis., 1916 
xviii. 
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the Russell Double Sugar Tube Medium. 


The Russell double sugar containing 0.1 per cent glucose and 
per cent lactose with litmus Andrade indicator, has proved highly 
serviceable for the rapid differentiation suspicious colonies fished 
from Endo brilliant green plates. The tube enables one dis- 
tinguish typhoid, and paratyphoid bacilli from one another, but 
not differentiate typhosus from Bacillus dysenterie 
Bacillus paratyphosus Bacillus paratyphosusB. Ina previous 
was reported that such separation rendered possible 
the aid basic lead acetate. seemed, therefore, that combina- 
tion the lead acetate with the Russell medium would yield tube 
which simultaneously would differentiate all the members this 
group. With some slight exceptions this proved the case, pro- 
vided certain precautions, mentioned below, are taken the 
preparation the medium. 


Preparation the Medium. 


Either meat infusion agar beef extract agar may used basis 
for this medium, although sharper reactions are, rule, obtained 
with meat infusion agar. The agar adjusted 7.4 neutral 
Andrade’s indicator, per cent volume this indicator added, 
and the medium tubed cc. tube and sterilized. The lactose- 
glucose solution, containing per cent lactose and per cent glucose, 
sterilized separately, and 0.25 cc. added sterile manner each 
tube. The basic lead acetate solution, 0.25 per cent, also sterilized 
separately and cc. added each tube. Both the lactose and the 
lead acetate solutions may added before slanting and soon the 
agar cooled about 60°C.; otherwise the lead flocculates the 
peptone. 

order obtain uniform results, certain details must taken 
into consideration. The agar should preferably sugar-free 
meat infusion used, and nearly colorless possible. The browner 
the medium the poorer are the results, partly because the reaction 


Russell, F., Med. Research, 1911, xxv, 217. 
Kligler, Am. Pub. Health, 1917, vii, 1042. 
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masked, and partly because the breaking down some the con- 
stituents the medium itself. Care should taken use lactose 
free from glucose, for the obvious reason that excess the hexose 
vitiates the basic principle the medium and leads poorly defined 
reactions. Still another detail the character the slant and the 
mode inoculation. The should contain enough medium 
allow for butt least inch and slant about inches. 
The inoculation made stabbing the butt near the front and then 
streaking the slant the needle withdrawn from the stab. 

the precautions outlined are followed, possible obtain 
clear-cut differentiation. Bacillus reddens the whole tube and 
breaks the medium through the gas produced. typhosus 
reddens the butt, leaves the slant colorless, and produces browning, 
particularly near the surface the stab. The dysentery bacilli 
redden the butt, like Bacillus typhosus, but not produce browning. 

The paratyphosus bacilli differ from Bacillus typhosus and Bacillus 
that they produce gas. Further differentiation between 
the and types obtained the basis the browning. Bacillus 
paratyphosus and its allied bacilli, enteritidis and Bacillus 
murium, produce browning, while the type does not. Occasionally 
one finds strains typhoid bacilli which not cause browning, but 
they are the exceptions; Bacillus paratyphosus the other hand, 
invariably gives positive reaction. 


CONCLUSION. 


The three media modified—Endo medium, neutral red-brilliant 
green, and the lead acetate Russell double sugar—have proved our 
hands the best combination for the isolation and rapid differentiation 
the various organisms belonging the typhoid-dysentery group 
bacilli. 


For economy the Wassermann tube used instead the large 
sized test-tube. 


: 
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ANTIPOLIOMYELITIC SERUM. 
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24, 
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recent paper! reported series experiments with Rosenow’s anti- 
poliomyelitic serum, which prepared the horse injections streptococci 
derived from cases poliomyelitis. The present paper deals with similar test 
serum prepared the horse also inoculating streptococci. The 
two sera—Rosenow’s and Nuzum’s—while apparently similar, are prepared 
somewhat different manner. Thus has had the exceptional and the 
whole extraordinary experience cultivating streptococci from the cerebro- 
spinal fluid removed lumbar puncture from per cent the cases epi- 
demic poliomyelitis studied, and employs these spinal strains the immuni- 
zation process. Nuzum’s reported results stand alone; other bacteriologist 
employing strict technique has found bacteria either microscopic examina- 
tion cultures the cerebrospinal fluid. Perhaps the largest single experience 
reported that who published results the bacteriological study 
more than 1,200 fluids, all being negative for bacteria aside from few instances 
obvious contaminations. 

However, imperative approach the question immunological relation 
certain streptococci poliomyelitis without prejudice; and Rosenow® and 
have reported the successful application their sera, not only ex- 
periments monkeys, but also treating human cases the disease, essen- 
tial that confirmatory and, far possible, decisive tests carried out others. 

believe that we! have performed decisive test with Rosenow’s serum 
with the result showing that under the conditions the experiment de- 
void protective power when injected intraspinally against experimental in- 
fection monkeys with active virus poliomyelitis introduced intravenously. 
That the conditions the experiments were not too severe indicated the 


Amoss, L., and Eberson, F., Exp. Med., 1918, xxvii, 309. 

W., Am. Med. Assn., 1916, Ixvii, 1437. 

W., Am. Med. Assn., 1917, 24. 

Rosenow, C., Am. Med. Assn., 1917, 1074. 

W., and Willy, G., Am. Med. Assn., 1917, 1247. 
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fact that perfect protection was secured from the serum monkeys which had 
recovered from poliomyelitic infection. 

has developed somewhat more elaborate therapeutic technique than 
Rosenow. Thus bases his contention that his serum therapeutically active 
three sets tests: (a) the neutralization the virus vitro; (b) the neutrali- 
zation the virus vivo intraspinal injections the serum; (c) the neutrali- 
zation the virus vivo combined intraspinal, intravenous, and intramus- 
cular injections the serum. order repeat and check Nuzum’s 
experiments, the three modes administering the serum should followed. 


Through the kindness Dr. Nuzum were supplied with cc. 
his This proved sufficient for one set experiments, one 
monkey being used for each kind series tests there- 
fore small one; and had the results not been absolutely consis‘ent 
would have had great value. But the results were consistent, and 
the control tests with the serum recovered monkeys were equally 
definite, real doubt need entertained regarding their significance. 


EXPERIMENTAL. 


The essential condition dealing experimentally with the virus 
poliomyelitis possess specimen regular and high potency; 
otherwise element irregularity introduced which involves many 
separate inoculations. Moreover, the virus should active 
produce infection uniformly when small doses the Berkefeld filtrate 
are injected intracerebrally. virus which acts only when relatively 
large doses the unfiltered suspension are injected certain 
produce infection irregularly and, addition, may give confusing 
results, owing traumatic and other forms injury the brain 
substance through which paralysis, weakness, and other disturbing 
effects are produced. 

Neutralization Vitro. 


When one minimum lethal dose virus filtrate incubated the 


W., and Willy, G., Infect. Dis., 1918, xxii, 258. 

and Landsteiner, Compt. rend. Soc. biol, 1910, 311. 
P.H., and Joseph, K., Miinch. med, Woch., 1910, Lewis, 
Am, Med, Assn., 1910, liv, Anderson, and Frost, 
Med, 1911, lvi, 663. 

and Amoss, Exp. Med., 1918, xxviii, 11. 
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monkey which has had experimental poliomyelitis and recovered, the 
virus rendered non-infective for monkey intracerebral inocula- 
tion. Normal serum® does not possess this power. 

Three experiments were carried out precisely the same manner, 
comparing Nuzum and Willy’s serum with normal horse serum and 
immune monkey serum. cc. the serum tested there was 
added 0.2 cc. Berkefeld filtrate per cent suspension 
glycerolated active poliomyelitic monkey cord. The mixture was 
incubated for hours 37° and placed 4°C. for hours, and 
then injected intracerebrally into normal monkey. 


Monkey (Macacus rhesus), 12, 1918. Injected intracerebrally 
the incubated mixture resulting from the addition 0.2 cc. virus filtrate 
cc. normal horse serum. Apr. 16. Excited and slow. Apr. 17, a.m., pros- 
trate, moribund; p.m., died. 

Autopsy showed characteristic changes poliomyelitis the brain and cord. 

Monkey (Macacus 12, 1918. Injected intracerebrally the 
incubated mixture resulting from the addition 0.2 cc. rus filtrate cc. 
Nuzum and Willy’s serum. Apr. 19, a.m., marked ataxia, both arms para- 
lyzed (Fig. 1); p.m., prostrate, etherized. 

Microscopic examination the nervous tissues showed typical diffuse and ex- 
tensive poliomyelitic lesions medulla and spinal cord; marked perivascular in- 
filtration (Fig. 2), necrosis, neurophagocytosis the ganglion cells, and focal 
hemorrhages the anterior horn the cord. 

Monkey (Macacus rhesus), Immune 12, 1918. Injected in- 
tracerebrally the incubated mixture resulting from the addition 0.2 cc. 
virus filtrate cc. drawn from monkey which had been paralyzed 
‘from experimental poliomyelitis and recovered. The monkey remained well. 


The results show that Nuzum and Willy’s serum, under the con- 
ditions the experiment, possesses more neutralizing power for 
poliomyelitic virus than does normal horse serum. 


Neutralization Vivo. 


Nuzum and Willy’s serum was subjected the following experi- 
ments the same test applied Rosenow’s antipoliomyelitic serum. 
This consists the injection large dose the virus intravenously 
into monkey, and the repeated intraspinal injection the serum 
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tested. Flexner and have shown that under these 
conditions serum possessing neutralizing properties sets 
inflammatory changes, thus opening the way for the virus pass 
from the blood stream into close relation with the meninges and cause 
infection. Immune serum, the other hand, while causing the 
same inflammatory changes, neutralizes the virus passes through 
and prevents infection. 


Monkey (Macacus rhesus), 1918, p.m. Injected intra- 
spinally cc. normal human serum. Injected intravenously 
cc. centrifuged per cent suspension fresh poliomyelitic cord iso- 
tonic salt solution. 11.10 a.m. Injected intraspinally cc. normal human 
serum. Apr. 11, Intraspinal injection cc. pooled serum from 
monkeys recovered from experimental poliomyelitis. The dose serum was 
repeated the following days. The monkey remained well. 

Monkey (Macacus rhesus).—Apr. 1918, 4.30 p.m. Injected intraspinally 
cc. Nuzum and Willy’s antipoliomyelitic serum. Apr. 10, 11.15 
jected intravenously cc. centrifuged per cent suspension fresh polio- 
myelitic cord isotonic salt solution. Injected intraspinally cc. 
Nuzum and Willy’s serum. The intraspinal injection cc. the serum 
was repeated daily the succeeding days. Slow; excitable. Apr. 
17. The same. Apr. 18. Slow; tires easily. Apr. 19. Prostrate (Fig. 3). 
3.10 Died. 

Autopsy and microscopic examination the tissues showed lesions polio- 
myelitis, chiefly the medulla and cervical enlargement the cord. They con- 
sisted the usual perivascular infiltrations, which were moderate severity, 
and focal infiltrations cells with polymorphous and fragmented nuclei. The 
focal infiltrations were sometimes near and sometimes away from blood vessels 
and were frequently association with hemorrhages considerable size. 
over, nerve cell degeneration and neurophagocytosis had been progressing actively 
the medulla (Fig. and the cervical portion the cord. These lesions 
indicate severe poliomyelitis. number focal hemorrhages (Fig. and 
their size are unusual experimental poliomyelitis, although they are commonly 
found human poliomyelitic nervous tissues. 


The experiments show that while the monkey serum com- 
pletely neutralizes the virus passes through into the meninges and 
thus prevents infection, the serum Nuzum and Willy possesses 
such power, but acts the same manner normal horse serum. 


Flexner, S., and Amoss, Exp. Med., 1914, xx, 249. 
S., and Amoss, Exp. Med., 1917, xxv, 525. 
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Curative Experiments. 


Nuzum and Willy make the claim that their serum possesses cura- 
tive properties against the virus experimental poliomyelitis 
monkeys. order test this property experiment was made 
comparable with their recorded test with Monkey their series. 
Their dose virus given intracerebrally was cc. per cent sus- 
pension poliomyelitic cord. the experiment about re- 
corded only 0.5 cc. Berkefeld filtrate per cent suspension 
poliomyelitic monkey cord was used. ‘Thus the test our hands was 
apparently less severe; however, the result decisive. 


Monkey (Macacus 11, 1918, 2.55 p.m. Injected intracere- 
brally under ether anesthesia 0.5 cc. Berkefeld filtrate per cent sus- 
pension glycerolated poliomyelitic monkey cord. p.m. Injected intra- 
venously cc. and intraspinally 2.5 cc. Nuzum and Willy’sserum. Apr. 13. 
Injected intramuscularly, left gluteal region, cc. the serum. Apr. 14. 
Injected cc. the serum intramuscularly. Apr. 16. Ataxic; arms and legs 
weak; coarse tremor present. Apr. 17, a.m. Found dead. 

Autopsy and microscopic examination the brain and cord showed typical 
diffuse lesions poliomyelitis the spinal cord and medulla. There 
were extensive necrosis the gray matter the cord and marked typical peri- 
vascular infiltration the intervertebral ganglia, with hyaline degeneration and 
neurophagocytosis the ganglion cells. The medulla showed neurophagocy- 
tosis nerve cells, focal infiltration cells, which many were polymorpho- 
nuclear, due probably the injection horse serum. 


DISCUSSION. 


The significance the experiments self-evident. Thus, while 
the serum the recovered monkeys completely neutralizes the virus 
poliomyelitis vitro passes from the blood into the meninges 
after aseptic inflammation has been induced the latter, the serum 
prepared the horse Nuzum and Willy means injections 
streptococci exhibited neutralizing power whatever far could 
detected. Indeed, the indications are that the latter serum acts 
the manner normal horse serum and such rather promotes than 
prevents experimental poliomyelitic infection. 

This, the main question raised the experiments, having been 
answered, several subsidiary questions may now considered, The 
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first one the latter relates the character the experimental 
evidence which Rosenow” and base their claim that the 
antistreptococcic serum neutralizing for the virus poliomyelitis. 
significant that uses the expression “appears have 
developed neutralizing, protective and curative power against the 
virus The tests monkeys can made 
definite that there need room left for doubt what the results 
imply. There are few pathogenic organisms which may made 
yield laboratory results clear-cut the virus poliomyelitis. 

The basis Nuzum’s conclusion also not definite. claims for 
his serum not merely neutralizing, protective power, but curative prop- 
erties and the ability immunize monkeys passively against sub- 
sequent intracerebral inoculation active virus suspension. 
together the number criteria which enter into his calculations makes 
difficult arrive decision. The source this uncertainty 
may reside the quality the virus which Nuzum employed. 
injected cc. unfiltered emulsion and even then failed some 
instances secure infection, the potency must have been low. 
have already pointed out, virus with low virulence gives such ir- 
regular results make accurate deductions difficult impossible 
draw. our opinion, therefore, Nuzum’s experimental evidence 
inconclusive. 

Both and have treated human cases polio- 
myelitis with their antistreptococcic sera. The mode application 
differs. Rosenow injects the serum intravenously, and Nuzum 
uses the combined intraspinal and intravenous injection and sometimes 
intramuscular injections. The question the value the evi- 
dence which provided the treatment human cases poliomy- 
elitis the preparalytic stages, called, which, apparently, the 
therapeutic results are supposed striking, cannot now 
answered. Our knowledge the evolution the preparalytic cases 
still its infancy. The wide employment lumbar puncture, 
the last years, for diagnostic purposes, giving for the first time 
data which eventual conclusions may come would 
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premature undertake interpret those data now. the 
other hand, little evidence has been adduced that the antistreptococcic 
serum injections have affected the mortality the frankly paralytic 
cases, halted the advancing paralysis, brought about more rapid 
and complete retrocession the existing paralyses. the best, 
therefore, the case for the serum, far human therapy goes, should 
considered unproved. 

There is, however, another subsidiary aspect the subject. Strep- 
tococcus infection concomitant terminal agonal infection 
epidemic poliomyelitis would now seem not 
not yet clear just when the invasion streptococci into the nervous 
system takes place. The fact that the cerebrospinal fluid, withdrawn 
under sterile conditions, practically never contains the streptococci, 
would seem indicate that the antemortem invasion smal 
agonal. The point very difficult decide human the 
other hand, one that should easily decided experimentally. 
This has attempted do. Streptococci may cultivated 
from the and cord and other monkeys which have 
succumbed experimental poliomyelitis. When the spinal cord and 
medulla carrying streptococci are placed per cent sterile glycerol, 
the streptococci survive for weeks. reinoculating this material 
intracerebrally into monkeys, the streptococci, still alive, either 
merely survive multiply somewhat alongside the poliomyelitic 
virus. Hence they can recovered from the inoculated brain tissue. 
But inoculation made with filtered virus free streptococci, 
then, Smillie has found, the presence absence those organisms 
determined great part the stage the disease and the state 
the animal the time the postmortem examination performed 
and cultures are taken. animal etherized when paralyzed and 
still strong tends not show the presence streptococci, while 
moribund already dead animal often does show their presence. 


G., Exp. Med., 1918, xxvii, 319. 

Mathers, G., Am. Med. Assn., 1916, Ixvii, 1019; Infect. Dis., 1917, xx, 
Rosenow, C., Towne, B., and Wheeler, W., Am. Med. Assn., 
1916, Ixvii, 1202; Science, 1916, xliv, 614; Am. Med. Assn., 1917, 280. 
Nuzum, W., and Herzog, M., Am. Med. Assn., 1916, Ixvii, 1205. Nuzum, 
W., ibid., 1916, Ixvii, 1437; 24. 


J 


330 NUZUM’S ANTIPOLIOMYELITIC SERUM 


other words, Smillie’s view,which has still confirmed, would place 
the streptococcal invasion poliomyelitis among the agonal and not 
the concomitant infections. 

the basis possible concomitant streptococcus infection 
real importance for the termination the disease that the employ- 
ment antistreptococcic serum poliomyelitis may still 
urged, once proved that has specific action the virus 
poliomyelitis. Even for this purpose should need far more knowl- 
edge than now possess justify its employment. 

The value, general, antistreptococcic sera combating 
streptococcus infections unproved. Streptococci have not been 
cultivated from cases poliomyelitis man during life. Many, 
chiefly negative, results have been obtained with cultures from the 
cerebrospinal fluid; and our opinion desirable make many 
cultures from the blood before resorting the intravenous injection 
antistreptococcic serum large scale the assumption 
streptococcus infection playing essential part the pathology 
poliomyelitis. 

CONCLUSIONS. 


The antistreptococcic serum Nuzum and Willy has failed 
show the monkey neutralizing therapeutic power when applied 
their methods against small doses the virus poliomyelitis. Under 
the same conditions the serum monkeys recovered from experi- 
mental poliomyelitis proved neutralizing and protective. 

The experimental and other evidence adduced those who regard 
the streptococcus playing essential part the pathology 
epidemic poliomyelitis and the antistreptococcic sera exhibiting 
therapeutic properties for man and monkeys regarded imperfect 


EXPLANATION PLATES. 


Fic. Monkey days after the intracerebral injection the incubated 
mixture 0.2 cc. virus filtrate and cc. Nuzum and Willy’s serum. 

Fic. Monkey Cervical enlargement the cord showing perivascular 
infiltration. 165. 
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PLATE 23. 


Fic. Monkey days after the intravenous injection virus. This 
monkey was treated with five intraspinal injections cc. each Nuzum and 
Willy’s serum. 

Fic. Monkey Medulla, showing perivascular infiltration; hemorrhage, 
and neurophagocytosis. 192. 


24. 


Fic. Monkey Medulla, showing congestion, necrosis gray matter, 
cell degeneration, and neurophagocytosis. 240. 
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PLEOMORPHIC BACILLUS FROM PNEUMONIC LUNGS 
CALVES SIMULATING ACTINOMYCES. 


THEOBALD SMITH, M.D. 


(From the Department Animal Pathology The Rockefeller Institute for Medical 
Research, Princeton, J.) 


28. 
(Received for publication, June 14, 1918.) 


During investigations upon the diseases young calves, mild 
epidemic pneumonia calves over weeks old was encountered 
the winter 1917. few scattering cases occurred during the 
remainder the same year. Only one case occurred the winter 
1918. The character the lesions these cases was the same and 
suggested some one underlying etiological agent. 

The amount lung tissue involved varied considerably from case 
case. all least one the smaller lobes (cephalic, ventral, azy- 
gos) was affected. Usually all were pneumonic. More rarely, 
addition, the adjacent portions the large caudal lobes were involved. 
The distribution was with few exceptions symmetrical. The trachea 
and bronchi usually contained soft, opaque, whitish masses embedded 
mucus. When one the affected lobes was cut across, pearly 
white, thick, mucoid mass slowly oozed out the cut ends the 
small bronchioles within the diseased region. The affected lobes 
were slightly considerably larger than the normal collapsed state. 
The tissue was bright reddish and permeated with grayish mm. 
foci, closely set. The texture these did not differ appreciably 
from the rest the tissue. Sections the diseased lobes indicated 
suppurative bronchopneumonia, with some fibrin the most recently 
invaded tissue. 

This brief description applies the recent acute stage, such was 
found animals killed when dyspnea was marked. Older stages 
the disease with considerable change the picture given above were 
found several calves, more months age. these, circum- 
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scribed portions lung tissue had become encapsuled abscesses. 
Leaving more thorough description this and other types pneu- 
monia for later communication, will consider here only one kind 
microorganism encountered whose claim the primary ex- 
clusive etiological factor need not insisted until more cases 
have been studied with the culture methods thus far successful 
bringing the surface. 

The organism described possesses for the bacteriologist 
interest quite apart from its etiological relation the disease process 
associated with it. Owing the peculiar morphological and cultural 
characters, description best begun with the most striking stage 
which its growth about the 3rd day tubes containing coagu- 
lated blood serum and sealed with sealing wax. 


The method sealing tubes outgrowth the Nowack method culti- 
vating abortus sealed jar with cultures subtilis. work done 1911! 
was found that the Nowack procedure could simplified directly connecting 
the tube containing subtilis with the culture abortus means rubber 
tube simply sealing the culture tube. This latter method has proved uni- 
formly satisfactory cultivating abortus. 


bits the involved lung tissue about mm. diameter are 
placed the condensation water coagulated horse serum and the 
tube sealed with sealing wax, there will noticed after several 
days minute, whitish flocculi the condensation water best seen 
transmitted light when the tube tilted shaken. The flocculi 
vary from mere specks mm. diameter according age and the 
special characters the culture medium (Fig. 6). 

Under low power one these bodies appears shown Fig. 
irregularly spherical mass made the periphery 
club-shaped, expanded, roundish, pear-shaped bodies. Similar 
bodies appear when the focus raised. Evidently the entire flocculus 
made radiating filaments ending clubs. The filaments are 
usually obscured the the latter, the flake contains 


Smith, T., and Fabyan, M., Ueber die pathogene Wirkung des abortus 
Bang, Centr. Bakteriol., Ite Abt., Orig., 1912, M., contri- 
bution the pathogenesis abortus, Med. Research, 1912, 
xxvi, 441. 
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minute, irregular masses crystals, shown black objects Fig. 
The crysta's are very minute and probably bunches acicular bodies. 
Under high power the clubs appear slightly refringent bodies 
with sharply defined limiting membrane (Fig. 2). Not infrequently 
small flocculi cylindrical filaments not enlarged the ends are seen 
growing out among the clubs. The latter are about microns 
diameter. Within certain terminal bodies second and even third 
membrane visible. The terminal filaments and clubs are flexible 
and are gently moved and fro currents under the cover-slip. 
The structure the more central parts the flocculus cannot made 
out owing the density the peripheral zone. When crushed the 
body becomes mass detritus which occasionally filaments, 
about microns broad, are seen parallel strands very faintly 
outlined. 

The impression gained first from study the unstained flocculi 
the fluid which they grow that the culture consists fila- 
mentous organism whose frequent branching produces the roundish 
flake. flocculi days old are allowed dry undisturbed upon 
cover-slips, then heated and stained the usual way with some 
aniline dye, such alkaline methylene blue, for several hours and 
decolorized 0.01 per cent acetic acid remove the dye from the 
background the specimen, will seen that the spot covered 
flake unstained. Its interior is, however, occupied tangle 
very fine, segmented filaments made bacilli. There 
evidence branching (Fig. bacilli measure from 0.4 
0.5 microns diameter. They stain much the common bacteria 
alkaline methylene blue and diluted carbolfuchsin, but are 
decolorized according Gram. stated, the flocculi themselves 
fail take any stain and appear white when the the 
film still tinted with the stain. 

The above type culture horse serum has been maintained 
one case for many generations. The growth was materially improved 
when about cc. calf serum water was added the condensation 
water present. All the tubes have been sealed. Multiplication was 
not evident open tubes. subcultures, after several weeks either 
37°C. rocm the slanted surface may may 
not beccme covered with very minute, elevated, pointed-like colonies 
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which, microscopic examination, have the same characters the 
flocculi the condensation water. All serial cultures have been 
obtained transferring several loops drop the condensation 
water fresh tube and not from the surface colonies. When the 
culture medium not very favorable, the flocculi remain very small 
and the clubs become large and even spherical outline, else the 
flakes become quite large. 

After days changes begin set it. One the most important 
shown staining. The flocculi now begin take some the 
stain and the material which they are made has striated 
lamellated appearance, some substance had been deposited within 
the membrane. Peculiar, bizarre forms are the result. The nearest 
objects which they may compared are the myelinic called 
Buhl’s bodies seen fresh unstained sputum originating from the 
alveolar epithelium the lungs. this stage the stained film 
longer gives the clear picture the contents the flake. Bacteria 
are longer detected most the flakes. They have either been 
dissolved are longer accessible the stain else are obscured 
the absorbed dye some the clubs. see the chains bacilli 
within the flakes therefore necessary stain early vigorous stages 
growth. 

After some months cultivation, with transfer intervals about 
days, horse serum tubes, rather the condensation water 
such tubes, certain changes have been observed some substrains 
which permanently affect the substance enveloping the bacilli and 
which are presumably degenerative character. 

The clubs the flocculi become surrounded with layer fine 
granules and eventually concealed them. The granules are slightly 
refringent micron diameter and very variable size. They 
become detached from the flakes and form small groups which collect 
the surface the condensation water white, creamy layer. 
The appearance and physical characters suggest some fatty substance. 
Osmic vapor stains them feebly brownish. Scharlach placed 
dried film absorbed the material which becomes well tinted. 
Similarly, dried film stained with the fat dye the usual way for 
sections and mounted water shows imbibition the dye. However, 
similar effects are obtainable with alkaline methylene blue and the 
specificity the fat stain remains questionable. 
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Cultures upon slanted agar were obtained two ways, (a) from 
lung tissue direct and (6) from the horse serum tubes. 

Growth upon slant agar tubes which particles diseased 
lung tissue had been added and the tube sealed with sealing wax 
occurred quite regularly. some cases film covered the agar sur- 
face just above the tissue the condensation water. others be- 
sides this growth, scattering mm. yellowish colonies appeared 
the slope. The colonies are roundish, slightly raised masses. 

When examined under high power fresh the colony was found 
composed roundish, ring-like, rather faint bodies about microns 
diameter (Fig. the periphery near the center the body 
very minute refringent speck. The appearance suggests spore 
within some material low refringence. Staining dried films did not 
give more information. The disc-like bodies became more strongly 
outlined feeble peripheral stain but staining equivalent 
that ordinary bacteria was obtained. 

Subcultures such colonies under the same conditions failed 
multiply. Tentatively the explanation was that the organisms sporu- 
lated and failed germinate second tube. Transfers other 
media also failed. 

(b) After the serum cultures had become established that multi- 
plication occurred regularly subcultures, transfers slanted agar 
were frequently made. These were only occasionally successful and 
from such transfers series agar cultures were maintained. The 
medium contained bit guinea pig spleen and some calf serum 
water added the condensation water hand. These tubes also 
were kept sealed. The colonies were very minute, drop-like, discrete, 
else fairly large, 1.5 mm. diameter, else both minute and 
large colonies appeared the same ‘slanted surface (Fig. 7). 

‘smooth continuous layer growth usually started from the condensa- 
tion water and extended mm. upwards the slant. The 
substance the large colonies was more less coherent since the 
colony could moved along picked with wire 
made from such colonies, which were this well former 
series straw color, the growth was found always bacilli with 
indications capsular substance. The bacilli were lying close 
together. There was slight variation among the bacilli, both 
width and length and staining capacity, from the same colony (Fig. 8). 
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After weeks growth agar slants, the water 
either remained clear, else thin, creamy layer formed the sur- 
face. flocculi appeared any time. the meantime 
changes went the growth, leading the disappearance the 
bacillus type and the appearance the coccus type found orig- 
inal agar cultures from diseased lung tissue (Fig. 5). This occurred 
after days and the process was completed about days (Figs. 
and 10). 

The coccus type, therefore, must represent definite stage the 
growth cycle this microorganism. Does represent minute 
organism enclosed feebly staining capsule, and so, this minute 
body endospore arthrospore? definite answers can 
given these queries present from the morphological standpoint, 
owing the minuteness the bodies. one case fresh, un- 
stained film, what appeared endospores were found both the 
ends and the course the filaments. These bodies were markedly 
refringent and very slightly bulged the walls the rods outward. 
Further culture studies may throw some light the nature 
tion these bodies. 

addition the horse serum and agar media described, variety 
culture media was tried without success. the multiplica- 
tion was feeble else absent altogether. Among the media tried 
were ordinary slanted agar, milk and potato tubes, sealed and un- 
sealed; bouillon plus bits tissue, covered with paraffin oil; ascitic 
fluid plus tissue and paraffin oil; and fermentation tubes bouillon 
plus tissue. Calf serum water itself produced only very feeble 
growth. 

Evidently the multiplication depends upon certain definite sub- 
stances culture media given, slightly reduced, oxygen tension. 
Prolonged cultivation may time bring the organism multiply 
the ordinary culture media, but this stage has not been reached after 
months continuous cultivation special media. 

Naturally, meeting the peculiar morphological entities cultures, 
one would first regard them contaminations, and this assumption, 
stated above, retarded the work isolating and identifying the 
microorganism for some time. When bits animal tissues are used 
both for purposes inoculation and for stimulating growth the 
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question mixed cultures must kept constantly sight. the 
work before us, the culture tubes containing agar plus guinea pig 
spleen had been the incubator from weeks, sealed, and then 
room temperature for another period months before they were 
used. chance for any contaminated tube slip through unnoticed 
may regarded almost negligible. When bits diseased lung 
tissue were inoculated—and this probably the only way for secur- 
ing growth the organism—the results were very uniform. When 
the organism was present alone, all cultures contained the same growth. 
When other bacteria were associated they were usually present all 
cultures and suppressed the growth the former. This was then 
recognizable for short time the condensation water its peculiar 
growth forms. 

Inoculations relatively large quantities culture material into 
the peritoneal cavity mice, guinea pigs, and rabbits have not pro- 
duced anything beyond slight local changes. several guinea pigs 
and one rabbit one, two, and three doses were given, separated 
intervals weeks order develop any susceptibility subsequent. 
inoculations. multiplication was evident beyond slight local 
peritoneal opacities and thickenings, except one rabbit which 
received three separate intraperitoneal injections and was chloroformed 
days after the last injection. small, encapsulated abscess about 
the size pea was found attached This was 
removed and crushed and portions the contents were added 
tubes solidified horse serum. From this the Actinomyces-like organ- 
ism was recovered and successfully subcultured. 

This organism has been identified microscopically cultures from 
ten cases pneumonia having common anatomical and histological 
characters. Owing the confusing pleomorphism different cul- 
ture media and different ages the same culture, was not identi- 
fied the three earliest cases and the cultures regarded mixtures. 
The notes describing the forms seen were, however, sufficient make 
diagnosis possible later on. the subsequent cases the peculiari- 
ties the serum cultures aroused attention but they were not once 
identified with the original agar cultures from the same tissues. The 
organisms the serum tubes from three cases were kept alive through 
several generations but owing interruptions the work and the 
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apparently feeble vitality the organism they were lost. Finally 
cultures from one the last cases have been maintained through 


generations. Unfortunately the supply material which was 


abundant the winter 1917 became scarce soon after, that the 
successful methods for continuous cultivation over long periods could 
used only one case. 


Relationship the Pleomorphic Bacillus Bacteria Already Described. 


The suggestion which occurs one seeing this bacillus for the first 
time that related identical with one another the 
types cultivated Bostroem, Wolff and Israel, 
Wright, and others. This suggestion soon dispelled. The organ- 
ism minute bacillus, growing chains, the chains held together 
intercellular substance. There branching and the Gram stain 
negative. The peculiar Actinomyces type growth obtained sug- 
gests the possibility, however, that when the proper culture medium 
found the ray fungus itself will cultivated with clubs occurs 
animal tissues. The rare and uncertain appearance clubs 
Actinomyces cultures has led observers infer that the clubs may 
least part formed the host tissues. The observations upon 
this bacillus suggest the compromise theory that the clubs are formed 
the bacillus and later impregnated with tissue fluids. The absence 
any capacity for holding dyes the part the clubs the cultures 
the bacillus and the relative ease with which acid dyes are held 
the clubs the Actinomyces grains obtained from pus tends 
support this view. 


looking over the literature find some types which might assimilated 
the described bacillus, the writer found publication Ligniéres and Spitz? 
which seems supply the missing link. These authors describe affection 
which prevailed epizootic Argentina 1900 and 1901. was first 
regarded true actinomycosis but the failure stain the filaments pus with 
accepted methods and negative cultures potato induced Ligniéres undertake 
investigation. 

The disease assumes various forms. (1) abscess the subcutaneous 
tissue the throat. The abscess develops very slowly and associated with 


Ligniéres, J., and Spitz, J., Actinobacillose, Rev. Soc. méd. arg., 1902, x,, 105 
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little pain. eventually ruptures and discharges very thick, sticky, pasty pus. 
Abscesses may also appear over the parotid gland, the superior maxillary bone, 
the base the ear. The disease has been found occur many other parts 
the body with involvement the regional lymph nodes. (2) affection 
the tongue which clinically identical with the affection known wooden 
tongue bois), affection the pharynx, the parotid gland, the 
mammary gland, and localizations the lungs leading lesions resembling 
tuberculosis. may also occur. Lesions the bones were rarely 
found. They were located the superior and inferior maxillary bones and gave 
rise appearances formerly described osteosarcoma. That form described 
first cold abscess the neck makes fully per cent all cases; localization 
the tongue per cent. 

Ligniéres found the pus, either directly after treatment with caustic potash 
and centrifuging, radiating masses clubs which did not show any mycelium and 
failed stain according Gram. Acid dyes, like picric acid, gave distinct 
coloration the clubs. 

When pus from closed abscesses ground and tubes agar-agar inoculated 
with it, growth evident 37°C. within hours. The organism may appear 
early cultures bacillus, later like diplococcus streptobacillus, and 
old cultures bizarre involution forms. multiplies plain, glycerol and sugar 
bouillon, giving the latter plainly acid reaction. gelatin the growth very 
feeble. Liquefaction does not occur. agar crowded, are small, 
translucent, bluish; larger, opaque when scarce. Activity growth increases 
with successive transfers and may become like and nearly abundant that 
the typhoid bacillus. Milk regarded good medium but coagulation does 
occur. 

Ligniéres’ strain was relatively high virulence. culture agar injected 
into the peritoneal cavity guinea pigs killed hours, the lesions being 
those acute peritonitis. Rabbits were far less susceptible. the mouse 
subcutaneous inoculation produced only transient induration. cattle 
local abscess was always produced after subcutaneous inoculation. 


The organism Ligniéres and Spitz presents many features that 
are like those the bacillus described. The fundamental one 
that Actinomyces-like organism gives rise bacillus cultures 
whose pleomorphism agrees well with that found the writer 
agar slants. The differences between the two organisms are, however, 
numerous. Ligniéres’ bacillus grew well ordinary media and 
open tubes. The one described here could not have been cultivated 
this way. Ligniéres found the Actinomyces-like characters pus 
from tissues but failed reproduce them cultures. The reverse 
the experience the writer who found the organism the lungs 
the form very fine bacilli. Ligniéres traced his organism 
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variety lesions adult cows, whereas the bacillus here described 
was associated with very characteristic and extensive broncho- 
pneumonia young calves. 

the whole, the writer inclined regard Ligniéres’ bacillus 
identical with his own with such variations are likely appear 
within the boundaries any species strain, widely separated geo- 
graphically and attacking animals different age periods. 

The name given Ligniéres and Spitz their bacillus—actino- 
bacillus—involves the establishment new genus. This hardly 
justifiable when consider that the characters are given the group 
variable and disappearing physiological factor analogous 
capsule capsular material. The writer suggests new species 
name—Bacillus actinoides—for the culture here described and leaves 
future investigations determine whether specifically 
identical with not. 

Following the publication Ligniéres and Spitz, was 
able confirm their results cases wooden tongue cattle 
France. Higgins‘ described four cases cattle 
(tumor the region the pharynx, abscess parotid, disease the 
tongue, and growth the jaw). Neither these authors found 
any difficulty isolating and cultivating the bacillus. Neither 
obtained any Actinomyces forms their cultures. According 
Higgins, guinea pigs inoculated into the peritoneum die generalized 
infection days. Rabbits are also susceptible and gener- 
alized eruption follows intraperitoneal inoculation. 

Bearing upon the peculiar culture forms this bacillus somewhat 
analogous instance the dependence special media may referred 
here. Leuconostoc mesenteriodes, micrococcus causing injurious 
fermentations sugar refineries, was studied Liesenberg and 


Nocard, E., Les maladies microbiennes des animaux, Paris, 3rd edition, 1903, 
ii, 374, footnote. 

Higgins, Actino-bacillosis, Bull. No. Dept. Agric., Health Animals Branch, 
Dominion Canada, 1904. 

Liesenberg, C., and Zopf, W., Ueber den sogenannten Froschlaichpilz (Leuco- 
nostoc) der Riibensucker- und der javanischen Rohrzuckerfabriken, 
Beitr. Physiol. Morphol. niederer Organismen, 1892, abstracted Centr. 
Bakteriol., 1892, 659. 
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who found that while enormous, gelatinous capsules are developed 
media containing sugars, these fail appear media not containing 
dextrose saccharose. these appears like ordinary strepto- 
coccus. This measures 0.9 1.2 microns diameter, whereas the 
capsules may attain diameter 10, even microns. 

the case the bacillus here described the formation the 
flocculi with terminal clubs evidently dependent some substance 
blood serum which survives the coagulating temperature 


SUMMARY AND CONCLUSIONS. 


bacillus was found associated pure culture with extensive 
lobar bronchopneumonia calves. occurs the exudate 
minute bacillus small groups. cultures appears three forms: 
glomerate Actinomyces-like flake colony with peripheral clubs. 
The bacillar and coccoid forms occur agar, the Actinomyces form 
the condensation water coagulated serum (horse). The coccoid 
form probably spore state, the minute refringent spore being 
contained roundish, unstainable mass representing either the 
remnants bacillar substance some capsular material. The 
somewhat striking similarities between this organism and 
are expressed the massed growth with terminal clubs, the bacillar 
and coccoid stages, all which are characteristic Actinomyces. 

Sealing the tubes essential for multiplication. Cultures must 
renewed within few days, otherwise multiplication fails. The 
substance which forms the bulk the radiate flocculi probably 
capsular nature, greatly overproduced serum tubes and scarce 
absent agar. Its nature unknown. 

The organism not appreciably pathogenic when injected into 
certain small laboratory animals. 


EXPLANATION PLATES. 
PLATE 25. 


Fic. flake colony with peripheral clubs from the water 
horse serum culture. The blackish specks the colony are masses acicular 
crystals. The flake flattened out between slide and 120. 
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Fic. The margin flake condensation water flattened gently between 
slide and cover-glass. 1,000. 


PLATE 26. 


Fic. flake colony dried slide and stained alkaline methylene 
blue. The flake feebly outlined. The stained masses are bacilli. Thirteenth 
transfer horse serum, daysold. 115. 

Fic. Margin flake from the same culture the one from which the 
flake Fig. was taken. The bacilli appear chains. The dark bodies are 
masses bacilli. 1,000. 

Fic. Colony from original agar culture from the lungs described the 
text. The film unstained and spread between slide and cover-glass 
fluid from the culture. Coccoid bodies containing each highly refringent 
granule. 


Fic. Sealed culture horse serum showing the flocculi colonies sus- 
pension the condensation water. Some have become attached the sides 
the tube result shaking the tube. 

Fic. Sealed culture agar slant containing the condensation water 
piece guinea pig spleen and some calf serum water. Culture days old. 
After months artificial cultivation (about thirty transfers). 

Fic. Film stained alkaline methylene blue from agar slant plus guinea 
pig spleen about hours old. Note only rod forms. Some these are more 
intensely stained and trifle thicker than the great mass. 1,000. 


PLATE 28. 


Fic. Film from culture the same kind medium given for Figs. 
and days old. Alkaline methylene blue. Among rod forms are roundish 
coccus-like, feebly stained bodies. 1,000. 

Fic. 10. Film from the same culture stained several hours diluted carbol- 
fuchsin. The roundish forms Fig. now appear deeply stained, smaller 
bodies suggesting endospores. 1,000. 


| 
OF 
| 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. XXVIII. PLATE 25. 


(Smith: Pleomorphic bacillus from pneumonic lungs.) 


nia) 


~ 
« . 


4 
. 


PLATE 26. 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. XXVIII. 


Fic. 


bacillus from pneumonic lungs.) 


(Smith: I 


“PIG. 


4 
3 
| 


PLATE 27. 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. XXVIII. 


Pleomorphic bacillus from pneumonic lungs.) 


(Smith: 


Fic. 


BE 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. PLATE 


Fic. 10. 


(Smith: Pleomorphic bacillus from pneumonic lungs.) 


Fic. 
t 


‘ 
“ 
ees 


THE OPTIMUM HYDROGEN ION CONCENTRATION FOR 
THE GROWTH PNEUMOCOCCUS. 


(From the Hospital The Rockefeller Institute for Medical Research.) 


(Received for publication, May 23, 1918.) 


well known that. pneumococcus grows best slightly alkaline 
medium, but the exact degree alkalinity, terms hydrogen ion 
concentration, necessary for optimum growth does not appear have 
been determined. The work Clark (1915) and Clark and Lubs (1917) 
makes probable that the limiting and optimum hydrogen ion con- 
centrations for the growth bacterial races are definite and char- 
acteristic those for enzyme action. consequently appears de- 
sirable fix these values for such bacteria attempt cultivate 
under accurately reproductible conditions. the work here presented 
the attempt has been made ascertain the optimum and limiting 
hydrogen ion concentrations for the growth different types 


Methods. 


The substrate was plain salt-free broth, made 
pound lean chopped beef allowed infuse liter tap water 
over night ice. The unfiltered meat infusion boiled for min- 
utes, filtered through paper, and the loss evaporation made 
the addition water. per cent peptone added. The mixture 
allowed boil for minutes. Sufficient sodium hydroxide then 
added turn the solution slightly alkaline phenolphthalein. The 
medium boiled for minutes, made volume, filtered 
clear, and sterilized Arnold sterilizer for minutes succes- 
sive days. During this process becomes less alkaline that 0.3 
0.5 cc. normal sodium hydroxide required make 100 cc. 
neutral phenolphthalein. The reaction slightly alkaline, the 
value for lying between 7.6 and 7.9. 
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Bacterial growth was first estimated plating. Later was 
found that comparative bacterial counts could made accurately 
and much more easily estimating the turbidity the broth suspen- 
sions with Kober nephelometer. The nephelometric method has 
already been used Dreyer and Gardner for this purpose. Its use 
limited solutions with reactions between and 8.0, because 
below 5.0 some proteins peptones are precipitated, and 
above 8.0 phosphates may precipitate. 

attempted standardize the method means silver chloride 
suspensions, but they did not prove satisfactory standards. 
The standard solution used was suspension dead pneumococci 
which the number cocci per cubic centimeter had been estimated 
the plate method before the culture was killed. Because the 
difference color between standard suspension and broth culture, 
well the uncertainty the absolute count the standard, the 
results make claim absolute accuracy the number bacteria 
per cubic centimeter. Good comparative results were obtained, 
however, comparing all the cultures given series with the same 
standard suspension. The latter was diluted each instance 
mm. the broth culture. 

With given standard the depth which the column culture 
must set the nephelometer does not vary accurately inverse 
ratio the number cocci per cubic centimeter culture. The 
formula suggested Kober, however, could not applied. The 
relation expressed curve rather than straight line. This 
curve was plotted after making number control observations 
which the standard suspension was compared with known dilutions 
itself, and the curve obtained was used basis for graphic cal- 
culation results. This the method that Bloor used nephelo- 
metric determinations phosphorus. 

Hydrogen ion concentrations the cultures were determined 
colorimetric method with some the modifications sug- 
gested Clark and Lubs. phosphate solutions used 
buffers were made diluting stock 0.5 solutions and 
(Kahlbaum’s preparations made according Séren- 
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sen). The indicators used were those recommended Clark and 


Standard solutions used: 


monopotassium phosphate, 
Indicators used: 

Name. Range pH. 


For the determinations the broth cultures were diluted with two 
volumes carbon dioxide-free distilled water, and compared with the 
standards the rack shown Text-fig. which similar that used 
Walpole and then adopted Clark and Lubs, but apparently 
somewhat more convenient. The high color medium, which 
itself might interfere with accurate readings, was compensated 
using the comparator method which the color broth control 
superimposed upon that the indicator. The values could 
easily determined within limit error 0.05. 

All experiments were carried out follows: Triplicate cc. portions 
salt-free broth were placed test-tubes with cc. portions buffer 
solutions fix the reaction. The tubes were then resterilized. 
each set three, two were inoculated with 0.1 cc. each hour 
broth culture pneumococcus while the third served control. 

The tubes were incubated 37°C. for hours. Portions were 
taken for bacterial count when the latter was made plating. The 
remainder each culture was then sterilized heat and the hydrogen 
ion concentration determined. When the bacterial count was esti- 
mated nephelometer, the entire culture was sterilized before esti- 
mating either count pH. 


The indicators were prepared Hynson, Westcott, and Dunning, Baltimore. 
The purity the salts was verified with the hydrogen electrode Dr. Glenn 
Cullen. 
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may questioned whether the sterilization heat itself 
affects the hydrogen ion concentration the broth medium. 
order determine this point the following experiment was devised. 

cc. uninoculated medium was added cc. buffer solution 
described above. Each solution was then divided into two portions 


Walpole’s comparator modified use reflected light. Tube 
culture; No. water; Nos. and indicator solutions known hydrogen ion 
concentration; Nos. and diluted broth controls without indicator. 
3cc.each. One portion was sterilized for minutes pounds 
pressure autoclave and then cooled room temperature. The 
other portion served control. The following results were obtained. 
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From this experiment evident that within the range 
which have used our experiments, essential change was 
brought about sterilization. greater alkalinities, however, 
slight variation seems occur. 


EXPERIMENTAL. 


electrolyte buffers were used fix the hydrogen ion con- 
centrations, was necessary preliminary determine the effect 
salt concentration itself the growth pneumococci, order 
that buffer concentrations might with certainty avoided which 
would retard growth their mere salt effect osmotic pressure. 
Consequently the experiment recorded Table was performed. 


TABLE 


Influence the Sali Concentration the Growth Pneumococci (Type I). Sodium 
and Potassium Chlorides. 
Initial 7.9 
Incubation: hours 37°C. 


Tube No. Molar 
NaCl 
mols 

1.0 
0.4 
0.1 
0.04 
0.01 


Concentrations over 0.1 retard growth, and 0.4 inhibits 
altogether. There seems essential difference effect between 
and potassium ions. For this reason appear justified 
using the salts and reaction regulators 
without regard the interchange potassium and sodium different 
solutions. 

The results Table demonstrate that the osmotic pressure 0.1 
sodium chloride solution does not retard growth. Since 
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dissociates into three ions, compared with the two ions NaCl, 
the phosphate solution corresponding osmotic concentration 
approximately 0.1 0.067 order stay safely within 
this limit and rule out osmotic concentration factor, the phos- 
phate ion concentration the cultures was kept down 0.05 
The results Table indicate that this phosphate concentration 
well below that which noticeably retards growth. 


TABLE II. 
Influence the Phosphate Concentration the Growth Pneumococci (Type 


7.7 
Incubation: hours 37°C. 


Molar concentration 
Tube No. phosphates. Growth. 


mols 


0.8 
0.4 
0.2 


0.08 
Salt-free broth. 


TABLE III. 


Hydrogen Ion Concentration Mixtures Plain Broth, Phosphates, and Hydro- 
chloric Acid Sodium Hydroxide. 


cc. salt-free broth cc. 0.5 phosphates HCl NaOH water 


Added. Hydrogen ion 
Tube No. concentration 


cc. ce. cc. pH 
1.2 0.5 0.5 6.8 
0.8 0.7 0.3 
0.4 0.8 0.2 
0.2 0.93 0.07 7.9 
0.6 0.97 0.03 8.2 
1.0 0.0 8.6 
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Table shows that phosphates their mere salt effect retard 
growth about the same concentration chlorides. 

Table III the results are recorded preliminary experiment 
performed order ascertain the amount acid, alkali, phos- 
phate necessary add the broth order obtain hydrogen ion 
concentrations over the desired range. 

known that the pneumococcus glucose-containing solution 
acid producer. The results Table show the effect the 
acid formed the hydrogen ion concentration ordinary broth. 
The final 6.9 hours is, shown later experi- 
ments, itself sufficient stop growth. 


TABLE IV. 


Change the Hydrogen Ion Concentration Plain Broth without Buffer Due 
the Growth the 


hrs. pH 
7.8 
7.4 
7.35 
6.9 


The results Table show that buffers must used prevent 
changes great that results cannot accurately interpreted, 
while Table shows that the concentration the phosphate buffers 
must not exceed 0.1 With further experience was found desir- 
able keep the total phosphate concentration down 0.05 

Results obtained growing different types pneumococci 
solutions definite pH, fixed phosphate buffers and controlled 
colorimetric observations, are given Tables The results 
are summarized graphically Text-fig. 

evident from the above results that the optimum hydrogen 
ion concentration for the growth pneumococci lies about 
7.8. seems the same for various types pneumococcus. 


GROWTH PNEUMOCOCCUS 


Relation between pneumococcus growth and medium. 
The arrows indicate the shift towards the acid side which occurred during 
growth, despite the presence phosphate buffers. This change much greater 
ordinary media, where phosphates are not added. 


TABLE 
Determination Optimum Hydrogen Ion Concentration. Pneumococcus Type 
bacterial culture water 6cc. 
Type after hours 37°C. 
Incubation: hours 37°C. 
Growth determined the plate method. 


Hydrogen ion concentration. 


Tube No. 
Initial. After hrs. 
7.3 6,000,000 per 
7.85 7.65 38,000,000 
8.1 7.9 25,000,000 
8.3 8.0 2,000,000 
8.6 8.4 t,000,000 
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TABLE VI. 
Determination Optimum Hydrogen Ion Concentration. Pneumococcus Type 


salt-free broth 0.5 cc. 0.5 phosphates NaOH HCl 0.1 ce. 
bacterial culture water 6cc. 

Type after hours 37°C. 

Incubation: hours 37°C. 

Growth determined the plate method. 


Hydrogen ion concentration. 


Tube No. Growth. 
Initial. After hrs. 
6.8 6.8 1,800 per cc. 
7.45 7.3 400,000,000 
7.65 7.4 1,700,000,000 
7.9 7.65 1,400,000,000 
TABLE VII. 


Determination Optimum Hydrogen Ion Concentration. Pneumococcus Type 


Type 

Incubation: hours 37°C. 

Growth nephelometrically determined. 


Hydrogen ion concentration. Growth, determined 
Initial. After hrs. method. 
6.9 
27,000,000 per cc. 
73,000,000 
8.2 
Control without 7.4 100,000,000 
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TABLE VIII. 
Determination Optimum Hydrogen Ion Concentration. Pneumococcus Type 


cc. salt-free broth 0.5 cc. 0.5 phosphates HClor NaOH 0.1 

Type II. 

Incubation: hours 37°C. 

Growth nephelometrically determined. 


Hydrogen ion concentration. Growth, determined by 
Initial. After hrs. method. 
pH pH 
6.8 6.8 
120 
450,000,000 per cc. 
8.3 8.3 
8.6 8.5 
TABLE IX. 


Determination Optimum Hydrogen Ion Concentration. Pneumococcus Types 
and 


cc. salt-free broth 0.5 cc. 0.5 phosphates HClor NaOH 


Incubation: hours 37°C. 
Growth nephelometrically determined. 


Type Type II. Type 
Tube No. Hydrogen Hydrogen Hydrogen 
concentra- Growth per cc. concentra- Growth per cc. concentra- Growth per cc. 
| tion after tion after tion after 
7.9 7.6 560,000,000 7.6 850,000,000 7.6 680,000,000 
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TABLE 
Determination Optimum Hydrogen Ion Concentration. Pneumococcus Type 


bacterial culture water 6cc. 

Incubation: hours 37°C. 

Growth determined nephelometrically. 


Type (Jones). Type Type 
Growth per cc. Growth per cc. Growth per cc, 
Control without 


phosphates....... 7.8 7.3 200,000,000 7.2 130,000,000 7.2 200,000,000 


The optimum reaction thus slightly more alkaline than the normal 
hydrogen ion concentration blood. Growth not occur 
media which the reaction more acid than indicated 
7.0, which practically the neutral point, media alkalinity 
greater than indicated The range hydrogen ion 
concentration within which pneumococci grow consequently 
narrow one. 

The practical conclusion from these results that the reaction 
culture media for pneumococci should fixed 7.8 8.0. 


Broth with less than 7.6 should not used. regulating the 
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reaction, acid alkali should added until direct determinations 
show that the proper reaction has been 

phosphate solutions are used assist regulating the reaction, 
their concentration the medium should not exceed 0.1 and 
other salt should added. 


SUMMARY. 


The optimum hydrogen ion concentration for the growth the 
various types pneumococcus about 7.8. 

The limiting hydrogen for the growth pneu- 

Phosphates used adjusting reactions media retard growth 
present concentration greater than 0.1 molecular. 

Culture media for pneumococci should, therefore, have initial 
reaction between 7.8 and 8.0 total salt concentration 
not exceeding 0.1 


present, bouillion for growth pneumococcus prepared this labo- 
ratory described under with the exceptions that 0.5 per cent 
NaCl added, and sufficient sodium hydroxide bring the reaction 
7.8 8.0 

The standard solutions required for the range within which media for growth 
pneumococcus should fall are the following: 


Phenol red cresol red 0.2 per cent solutions are satisfactory indicators. 
the broth samples used for the determination are strongly colored, they may 
diluted with two volumes distilled carbon dioxide-free water, without pro- 
ducing any essential change the hydrogen ion concentration. 

This method standardizing media has already proved itself valuable. 
has practically eliminated the frequent irregularity growth pneumococ- 
cus media the reaction which formerly was determined only titration. 
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DETERMINATION THE QUANTITY SECRETING 
TISSUE THE LIVING KIDNEY. 


WATANABE, M.D., JEAN OLIVER, M.D., THOMAS ADDIS, M.D. 
(From the Medical Division Stanford University Medical School, San Francisco.) 
(Received for publication, April 18, 1918.) 


the past the function the diseased kidney was studied the 
hope that this means some measure the amount the kidney 
tissue which still remained active might obtained. This was the 
point main clinical interest and this aim was always kept view, 
though the technical means for its accomplishment had not been 
perfected. 

But recent years the issue has been confused the work 
Schlayer (1). His failure find constant relation between the 
amount renal tissue and the rate excretion various urinary 
constituents and foreign substances led him the conclusion that 
there was quantitative relation between anatomy and function 
and that the size the kidney could not determined from its 
mode action. accordingly turned from the quantitative 
aspects the subject and attempted show that functional 
studies was possible distinguish, not the amount, least 
the kind renal damage produced various forms disease. 
But even his claims had been confirmed, they could have had 
little practical significance, since the microscopic examination 
urinary sediments furnishes simpler method which such quali- 
tative judgments may made with considerable degree ac- 
curacy. 

this time Ambard was formulating his laws urea excre- 
tion (2) mathematical expression which believed included 
all the essential factors concerned the activity the kidney. But 
the action the living kidney cannot circumscribed within the 
bounds mathematical formula. There are important factors 
which cannot measured and the formula defective the erro- 
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neous manipulation which the values are subjected, well 
its inclusion one factor, the urinary concentration, which has 
appreciable effect function (3). spite these deficiencies 
Ambard’s work represented considerable advance, that for the 
first time the rate excretion, which previously had been employed 
itself the measure function, was qualified the accompany- 
ing statement the concentration the excretory product the 
blood during the period over which the rate 
because this fact that the formula has apparently been some 
use clinical work. 

within the last year two Ambard’s work attracted little 
notice outside France, and attention was turned the determina- 
tion the degree accumulation excretory products the blood 
means determining the quantitative deficiency the diseased 
kidney. This work has been continued the present, although 
the meantime the measurement the rate excretion phenolsul- 
fonephthalein has provided easily applicable method whereby gross 
defects may detected. test owes its success 
the fact that reality gives more than either rate blood con- 
centration alone. Though only the rate measured, yet the diffu- 
sion the dye into the blood stream usually uniform that the 
blood concentration tends become constant, and eliminated 
factor influencing the rate excretion. effect the ratio be- 
tween the amount phenolsulfonephthalein the urine and the 
blood which obtained. 

But the phenolsulfonephthalein test only partially attains meas- 
urement the amount the secreting tissue kidney. such 
was, indeed, advanced for it. the contrary, was demon- 
strated that even the sudden removal half the renal tissue the 
body was not attended any great change the rate excretion 
only where disease has reduced the amount effective tis- 
sue much greater degree than this, that noteworthy alteration 
output found. 

The history the development methods measuring the func- 
tion the kidney, which have thus briefly reviewed, was guide 
the planning the experiments reported this paper. They were 
carried out some years ago, before most the observations (5) which 


pe 

og, 


WATANABE, OLIVER, AND ADDIS 361 


seem have cleared the ground for further attempt thesolution 
the problem had been made. But from the experiments others 
already seemed clear that, except under special conditions, the 
_rate excretion urinary constituents was too greatly influenced 
non-anatomical factors itself general value, and had 
grounds for the belief that, except the most extreme instance dis- 
organization the structure the kidney, the concentration ex- 
cretory products the blood would not alone measure the 
quantity kidney tissue (6). But had found that the case 
-urea there was loose between the rate and the concentra- 
tion the blood, the sense that the higher the level blood urea 
concentration the greater general was the rate urea excretion (7). 
further empirical observations the effect kidney function 
removal part the kidney tissue, had noted that the anatomical 
defect had manifest influence function only when the remaining 
renal structure was subjected demand for activity 
urea excretion induced the injection preformed urea 
fore attempt was made approximate more closely the conditions 
met with disease comparison the degree anatomical 
defect resulting from the action uranium the kidney and the de- 
gree which the function urea excretion was disturbed, under condi- 
tions involving strain the damaged kidney. 

disturbance urea excretion might reveal itself one all 
number ways. The rate might diminished, might 
remain the same but accompanied increase water excre- 
tion with resulting decrease the urea concentration the urine. 
Again the rate and the concentration urea the urine might 
maintained, but the blood urea concentration might increase. 
Finally, there might alterations the ratio between the urinary 
and blood urea concentrations the ratio between the rate and 
the blood concentration. was largely order obtain evidence 
which these manifestations functional derangement 
showed the closest correlation with the anatomical findings that the 
work was undertaken. 

Since all these aspects the function urea excretion are expressed 
numerically, there was difficulty arranging the results order 
magnitude, but this, course, was not possible the anatomical 
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classification. There are considerable difficulties the way at- 
tempts separate kidney lesions according the amount damage. 
These arise partly from want knowledge which are the more 
essential cellular structures regards function, and partly from the 
grossness the methods employed their differentiation. must 
admitted that chemical physical alterations might occur some 
important part the urea-secreting cell which would not revealed 
present methods, and, further, that alterations less essential 
components might give rise exaggerated idea anatomical dis- 
organization. conditions the experiment were selected with 
view minimize these difficulties much possible. Uranium 
was chosen partly because produces easily demonstrable lesions 
varying, according the amount administered and the susceptibility 
the animal, from necrosis fatty and granular degeneration, but 
mainly because, except large doses, appreciably injures only the 
proximal convoluted tubule. This the only part the kidney tis- 
sue which urea can demonstrated exist high concentration 
presence relatively large amounts urea these cells, 
and the finding that the quantity increases with increase urea excre- 
tion (10) seem strong evidence that they are concerned with the con- 
centration urea from the blood. The hypothesis reabsorption 
from the glomerular secretion, though tenable for urinary constituents 
such chlorides, can scarcely entertained for urea when the con- 
sequences such mechanism are borne mind. had reason, 
then, believe that the part the kidney which the lesions oc- 
curred was the part essential the function urea excretion, and 
that the strict localization the lesion this variety kidney cell 
facilitated judgment the quantity damage inflicted. wide 
variation the degree and extent the lesion different animals 
was insured the administration amounts uranium varying 
from those which produced scarcely perceptible damage those 
which induced almost total necrosis the terminal part the 
proximal convoluted tubules. each case the same time was 
allowed elapse between the injection and the anatomical fixation. 
This period was hours’ duration, time which suffices for the 
full development the degenerative lesions produced uranium. 
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Under these favorable conditions was possible separate the cases 
into three groups, severe, moderate, and slight lesions. 


Anatomical 


soon the experiment described below was completed, the 
animal was killed and sections from both kidneys were fixed Orth’s 
fluid. Paraffin sections cut from the kidney such way 
show the junction the cortex and medulla were stained with hema- 
toxylin and eosin and Van Gieson’s method. 

The preliminary placing the material fixing fluid was done 
two us, and then brought the third for further treatment. 
this way the last had idea the dose uranium given, the 
result the functional test. After comparison the sections 
three groups were made, corresponding slight, moderate, and severe 
lesions. 

The lesions observed the kidneys were typical acute uranium 
nephritis. all, the injury was localized the terminal division 
the proximal convoluted tubule. the severe cases consisted 
almost total necrosis the epithelial cells, while those which 
were slightly affected granular and fatty changes only were present. 

The detailed description the sections the twenty-four animals 
not given. typical example each described. Class in- 
cluded the kidneys which definite nuclear changes (necrosis) 
could found, but only protoplasmic changes such cloudy swelling 
and fatty degeneration; Class showed slight but definite evidence 
actual necrosis with degenerative changes the nucleus; while Class 
showed almost complete necrosis the terminal division the 
proximal convoluted tubule. 

Rabbits were Class (slight lesions). 

Rabbits were Class (moderate lesions). 

Rabbits were Class III (severe lesions). 

The sequence which the rabbits are arranged within these groups 
not intended indicate any grade slight, moderate, severe 
lesion, for was not considered wise attempt further subdivisions. 
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Typical Examples Classes II, and 


Class Rabbit glomeruli and upper divisions the con- 
voluted tubules are normal. The lower terminal divisions the con- 
voluted tubules, however, are slightly involved, though the majority 
are intact with well stained nuclei. The protoplasm the cells 
distinctly swollen and granular, that stains more deeply with the 
eosin than that the normal upper divisions. few tubules show 
beginning nuclear changes, such karyorrhexis and pyknosis. 
moderate number hyaline casts lie the collecting tubules. 

Class glomeruli and upper parts the proximal 
convoluted tubules are normal. The terminal divisions the latter 
show desquamation the epithelial cells and few are 
Many the tubules this region, however, are almost normal, ex- 
cept for granular degeneration the protoplasm. are 
large number hyaline casts the normal ascending limbs Henle’s 
loop and the collecting tubules. 

cortex show moderate dilatation. The proximal convoluted tubule 
the vicinity the glomerulus apparently normal, the nuclei 
are intact and there are degenerative changes the protoplasm. 
the lower layer the cortex and the outer stripe the outer zone 
the medulla there extensive necrosis the proximal convoluted 
tubule. The epithelium entirely destroyed and the lumen the 
tubule filled with granular detritus. The ascending limb the loop 
Henle and the collecting tubules are normal, except that both contain 
many hyaline and granular casts. 


Functional Classification. 


The conditions under which the functional results were obtained 
were follows: food water was given for hours previous 
the commencement each experiment. Blood was then drawn from 
ear vein, the bladder was emptied catheter, and immediately 
afterwards preformed urea was given stomach tube. Thereafter 
the rabbit was catheterized and bled each hour for hours and again 
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the end the 5th. The urine specimens were acidified, diluted 
given volume, and the urea content was determined Marshall’s 
urease method with the modifications described elsewhere (11). The 
urease method was also used for the measurement the blood urea 


TABLE 
gm. mg. gm. gm. per cent 

1,700 0.5 1.25 
3,050 1.0 1.25 
2,200 1.0 1.25 
2,350 1.0 1.25 
2,300 2.5 2.9 


concentration, using technique similar that described Van 
Slyke and Cullen (11). 

After interval least days subcutaneous injection 
uranium acetate was given. The doses uranium, the weight 


the animals, and the amount urea administered are detailed 
Table 
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Exactly hours after the uranium had been administered, and 
again following period hours during which food water 
was given, the experiment was repeated, care being taken keep the 
conditions the same the previous test. 

the end the second experiment the rabbit was killed and the 
kidneys were removed, cut thin slices, and placed fixing solution. 

Thus both before and after the administration the uranium four 
collections urine and five samples blood were obtained. 
the length time over which the urine collections were made, was 
known, each experiment gave four consecutive rates water and urea 
excretion and from them the concentrations urea the urine could 
calculated. From the curve the blood urea concentrations ob- 
served the beginning and end each collection urine, the average 
blood urea concentration during each the four periods could de- 
termined. dividing the urea concentration the urine and the 
rate urea excretion the average blood concentration, the num- 
ber times which concentration and amount urea the urine 
exceeded the concentration and the amount urea 100 cc. blood 
was also found for each period. 

have stated above, believe that the relation between 
function and structure can only determined under strain. these 
experiments the strain was induced through the increase blood urea 
concentration following the administration urea. This increase 
was not fully developed until the second period the experiment. 
For this reason, and also because there considerably more error 
the calculation the average blood concentration for the first, than 
for the subsequent periods, have discarded the data for the first 
period, and have taken the sums the averages the last three periods 
order obtain single figure represent function before and after 
uranium. could then compared and the effect the ura- 
nium function shown expressing the result obtained after 
percentage the result obtained before uranium. The exact de- 
tails these procedures can best illustrated giving one the 
protocols full. 
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Protocol Rabbit 12. 


Apr. 15, 1915,3 p.m. The rabbit was brought the laboratory and kept 
small cage without food water. 

Apr. 16,8.30a.m. blood were taken from The 
bladder was emptied catheter. Immediately afterward gm. urea dissolved 
cc. water were given through stomach tube. The times which urine 
and blood were collected, the amounts urea found them, and the ratios be- 
tween the urine and blood urea are noted below. 


Before Uranium. 


a 3 2 els 
| 2 oo S sis 
a.m. ce. meg. gm. a.m, meg. mg. 
Period 
Period 
417 
erioc 
537 3070 
a.m.—p.m. p.m. 
Period 
447 
1.45 20.2 447 2.21 230 330 1.95 9.6 


After completion the control experiment the rabbit was returned the 
animal room. 

Apr. 0.25 mg. uranium acetate were injected subcutaneously. 

Apr. The rabbit was brought the laboratory and kept small 
cage without food water. 

Apr. 24, 8.30 a.m. cc. blood were taken from ear vein. 8.50 a.m. 
The bladder was emptied catheter. Immediately afterward gm. urea 
dissolved cc. water were given through The times 
which urine and blood were collected, the amounts urea found them, and 
the ratios between the urine and blood urea are noted below. 


“ 
Mg 
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After 0.25 Mg. Uranium Acetate. 


Time catheterization. 
Rate water excretion per hr. 
Rate urea excretion per hr. 
Concentration of urea in urine per 
Time bleeding. 
Concentration urea blood per 
per 100 cc. middle 
Urea 100 cc. blood 


Calculated concentration urea 
blood 
period. 


Ratio 
Ratio: 


Period 


186 
eriod 
215 215 
a.m.—p.m. p.m. 
Period 
291 1830 


Immediately after completion the experiment the rabbit was killed and the 
kidneys were removed, sliced, and placed fixing solution. 

The results obtained during the last three periods each experiment were com- 
bined order obtain single figures for each aspect function before and after 
uranium. will noted that the tabulations above the rates water and 
urea excretion are given volumes and mg. per hour, but Period was 
hrs.’ duration, and have taken the sum the total excretion Periods 
and representing the rate water and urea excretion. urea con- 
centration taken was, course, the one which was obtained before the admin- 
istration urea. The concentration urea the urine and both ratios are 
represented the averages for Periods and 
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The figures are given below. From them was calculated the percentage 
change induced the uranium. 


a 
Before uranium. After uranium. 
per 
cent 
Rate water excretion (sum last 
Rate urea excretion (sum last three 
Concentration urea urine (average 
Concentration urea blood (before 
(average 
Ratio: 
Urea 100 cc. three pe- 
riods) 2.16 1.11 
last 
urea| three pe- 
blood riods) 13.2 7.0 


The results thus obtained each animal were arranged order 
their percentage relationships, and arbitrary divisions were made 
correspond with the anatomical divisions into slight, moderate, and 
severe lesions. The cases may classified follows: those which 
the function after uranium was per cent more the measure- 
ment made the control experiment, slight functional derange- 
ment; those which the after result was between and per cent 
the original, moderate defects, and those which the function 
was decreased until was less than per cent that found 
the control experiment, instances severe impairment 
function. With the rate water excretion and the blood urea con- 
centration there was some cases considerably more than 100 per 


y 


TABLE II. 


No. disagreements Proportional minimal 
Measurement which the functional classification with anatomical correction required for 


agreement with 
classification anatomical classification. 


Urea 100 cc. blood 
Concentration urea urine.............. 135 


TABLE III. 
Urea Hr.’s Urine 


Ratio: 
Urea 100 Cc. Blood 


Percentage 


uranium, 
per cent Porro 
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cent variation between the before and after results, but propor- 
tionally the same grouping was made dividing the total range 
into thirds. 

was found that the classification made according the ratio 
between the urea content the urine and the blood disagreed with 
the anatomical classification two instances, those made the rate 


TABLE 
Concentration Urea Blood 
Percentage 
uranium. 
ber cent 

11.3 2.4 Ill 

12.4 0.0 Ill 
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urea excretion and the ratio between the concentration urea 
the urine and the blood were both different from the anatomical 
six cases, and that made the concentration urea the urine 
seven instances. certain correlation between function and 
structure was apparent when the measure function was either the 
rate water excretion the concentration urea the blood, for 
both there were almost many disagreements agreements. 


TABLE 


Rate Urea Excretion. 


Percentage 


uranium. 
gm gm. per cent 


Bit 


an 
43 
pee 
Ss 
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more accurate measurement the relative efficiency these six 
aspects function measuring the degree anatomical damage was 
obtained summing the minimum numerical values the disagree- 
ments. If, for instance, the function was per cent the case 
animal included the group slight anatomical lesions, this 
would place the group moderate functional defect and would 
constitute disagreement. But had been per cent would 


TABLE VI. 
Concentration Urea Urine. 


Percentage 
concentration 


' to concentra- class. class. correction. 
ium.| 
fore uranium. after uraniu tion 


uranium. 


gm. gm. per cenl 
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have been classed slight defect, the minimum value such 
disagreement would only the other hand, the function 
had been per cent the least correction required make agree 


the anatomical arrangement would have been 22. The relative 


efficiency the functional measurements thus determined given 
Table and the details are given Tables III VIII. 


TABLE VII. 
Rate Water Excretion. 


Percentage 
uranium. 
ce. cc. per cent 


150 “ 100 


aS 
= 
f 
4a 
3 
a 
2 
4 


WATANABE, OLIVER, AND ADDIS. 375 


The ratio between the urea content the urine and the blood 
under the strain induced the administration large amounts 
urea clearly the most accurate method determining the amount 
active urea-secreting tissue left after the administration uranium. 
The theoretical considerations concerned the use this ratio have 
been recently considered detail (12), and still more recently evidence 


TABLE VIII. 


Concentration Urea Blood. 


Percentage 


concentration 


(alten to concentra- class. class. correction. 


tion before 
uranium. 
mg. mg. per cent 


258 “cc “ “ 100 


, 
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drawn from large mass data normal rabbits has been presented 
which indicates that high blood urea concentrations the size the 
kidney ceases potential and becomes active factor deter- 


mining the magnitude the ratio (13). 


CONCLUSIONS. 


Under the strain induced the administration urea, 
possible demonstrate the relation between the degree anatomi- 
cal damage the kidney and the degree defect the urea- 
excreting capacity induced uranium. 

The closest correlation between structure and function was ob- 
tained when the ratio between the urea content the urine and 
the blood was used the measure function. 
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